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DEPA R~MENT OF THE ARMY
/

‘ 
I~PI LAO1LPHIA DISTRICT , ~~ORPS OP SNGINEERS

CLISTOM HOUSE . 2 0 A CHESTNUT STREETS
PHILADEL PHIA.  PINN1~~LV.tNIA 19106

&. NIPI ~ NSF, .  tQ

I ~TY TRA CI1C~ti~~~NAPEN—D ~jj s yA GE is l~F~~T ~
FROM ~Ot 1 1

Honorable brendan T. Byrne
Governor of New Jersey
Tre nton , New Jeriev 0862 1

Dear Governor Byrne :

inctosod is the Phase I insp~ctiun keport for (reen Swamp Dau~ No. 4 in
Passaic County , New Jersey wh ich has been prepared undt~r authorizationof the Dam Inspection Act , I’ubl.ic Law ~,2—367. A brief ui~ .. . ~~mcnt of
the dam ’s condi tion i~. ~1 ien on the first three pegea of tI~~ report .

l~auv .t1 on visual inspcct~on. av*il~~ie r,coi ds , calculations and (LL . t
operational performance, Gr ceo Swamp i3a~s No. 4, a high hataid poteBt~at
stru cture , is judged to bt in ~c*d overall condition . This dan Is
a concrete saddle l i l t  aud Is one of nine dams on Wanaque Reservoli .
It has nc’ epilJ.’way since overflow for the entire reservoir is ~iand1edby th’~ Owrflow Wcir . 0.7~ alien to the .~ait of Green Swamp Dow No. 4.
This dam is hydraul1c&~~ adeqw~te i~inoe it will not be overtoppedby the ?ro bab le Max imi~. Flood (PMF). To insure the adequacy ~t the
structure, the following actions , as a minimum , ar e reco~~sended :

a. Within one year fro. the date of .3pproval of this report , the
following remedial actton~ should be taken:

(1) The crack along the dam top at the southeant. rorner of the Gate
Hous~’ should he r.~patred .

(2) The dtitoriorated gtml.te stlrfacinM of the concret. should be
rep laced.

(~
) The p.un l t e  s u r fa c in g  over the expanaion joiuts should be cut

~w~y fr~m* the expansi vn joints.

(4) the covers of th. vert~~.1 drains should he fre ed and rcnoved
to allow inspection t.i f both vt ’rt~ cai and hor i zontial drains .

— ~~~~~~~~~~~~~~~~~~~~~~~ --- . . , 
~~~~~~ ~~~~~~~~~~~~~~



NAPEN-D
Honorab le Nrend sn ‘r. byrne

(5) Trees w i t h in  ..~J t ee t  ol n e  tcw shouLd be ceaov.~’d ~ rep l~ ce~w i th  suitable ground cover.

(6) The small impoundment area at the toe should ~~ f u ~ t i~~r c ii. t~~~~~ J

for th. sou rce of water .  l~eguiar mon1t~’rth~ or the ponded w5t.t~ ~eve t w i t h
referenc. to the pooi level ~houid be in i t ia ted .

b.  The drawdowu capabiliUme of overf low h~ i r (1 .1) . No. NJ002 14) and
Raymond Dam (LU .  No. NJOO213), which control water rel.ae. for Wanaque
Reservoir, should be increased. Increased diawdown capability w i l l  a l low
for lowering of the reservoir within an acceptable period alE t ime to
perform remedial work or for an emergency involving Green Swamp No . 4 Dam ,
or any other dam on the reservoir. This subject Lu addressed in the previoush
issued inspection reports for Overflow Weir and Raymond Dam.

A copy of the report is being furnished to )~~~. Dirk C. Hofaau, New
Jersey Department of Ravirosmental Protection , the designated State
Off ice  contact f or this program. Within f iv. Java of the date of this
letter , a copy will also be sent to Congressman Robert A. Roe of the
Eighth District . Under the provisions of the Framdc* of Informat ion Act .
the Lnap.ction report will be subject to ra) aae by this o f f i ce , upon reques t ,
thir ty days a f ter  the dat. of this let ter .

Additional copies of this report may be obtained frus the National
Technical Information Services ( N T I S) ,  Springfield . Virginia , ~2lblat a reasonable cc’st. Please allow four  to six weeks from the date oL
this letter for ~~~~ r ,  have cop ies of the report avai lable .

An importan t aspect of t he  Dam S.tEet ~ Program w i l l  be the tmple Iwntat ton
of the reco endat ~ ‘ns wade as a re’~u it .~ ~ the I nr.pec t ion . We acrnril in ~
request that we be sjvised of proposed act ions taken b~ the  Stttr. ’ to
implement our re c inendntions .

S1.ncerol~ ~.nutu ,

,~~~..
.
,

I m c i  ‘
~ JAMES C. TON

As stated Colonel , Corps .~t l’,ii~i ln ~e~ t
Distr ict  Engluo et

Cy furn :
Mr. Dirk C. Hote.tn , P.’..
Department of I v (r ’nm~~ita~ Pr otect  i •n 
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GREEN SWAM I)AM NO. 4 (N.lOO2l.~)

CORPS OF ENc.INEERS AsSESSMFN r OF CENERAL CONl’UTION~

This dam was inspected on 2.. and ‘~ May 1978 by (U lbert A s n nr 1a t e s~ I n c .
under contrac t  to the  State of New Jersey . The state . unJe r a~’reemt’i~tw i t h  t he U.  S. Army Eng ine e r  Dt ~~t r i r t , P h i l a d e l p h i a . had this tnspe~ t 1cn
per toraw’d in accor dan ce  w i t h  t h ’  N a t  tonal Dam Inspect it ” i A ct  . Pub i t
Law 9.—3h 1 .

(;reen Swa~~ Dam No. ~~~, a hi gh h az ard  p ot en t i a l  s t r u c t u r e , i s  tu.h~i’d
to he in good over a l l condition. This slam Is a concrete s a d d le  d ’k e
and is one of nine darns on Wa~ ique Re servo i r .  it  has no s p i I l w s~ since
ove r f l o w  for  the e n t i r e  reservoir is han dled by the Overf low W e i r ,
O .?5-miles  to the east of t reen S~wamp Pam No. 4 . This da rn is h y d r a u l i c a l l y
adequst. since it wil l not be overtopped by the Probable Maximum Flood
(PMPI . To insure the  adequacy of the structur • , the foll owing actions ,

- as a minimum , are rercwnmend.d ;

a. W i t h i n  one year f~~oa the date of approva l of this  report , the
f o l l ow i n g  remedial  act ion s shou ld he taken ;

(1) The crack along the dam top at the southeast  corner of the Gate
House should he repaired .

(2) The deteriorated gi,ntt. surfacing of the concrete should be
replaced .

(3) The gun i te surfacing over the exp ansion m int, should be cut
away from the expansion joint,.

(4) The cove’rs .‘t  the vertl~ al drain. shou ld be freed and removed
to a l l ow inspection of both vertical and horis ont ial drains .

( ‘)  Trees wi thin 20 feet of the toe should ~~ rernoweti and rep lnce d
• w ith suitable ground cover .

(~) The smali tmpc .~indmcnt area at the toe should  he further checked
for the source of wat.r . Re 1~.ilar mon1t.~~tng of the ponded wa ter level with
reterence to th e poo l leve l be Initiated .

~~“ \ \  iT’~
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b. The drawdowrt capabilitie , of Overflow W i r  (l .D.  No. NJ002 14) and
Raymond Dam (leD. No. $J00213), which control water elsa.. for Wanaqu .

1 Reservoir , should be increased . Increased drewd own capab ility will alloy
I for lowering of the reservoir within in acceptable period of t ime to perform

I remedial work or f or an emergency involving Green Swamp No . 4 Pam , or any
othe r da. on th. reservoir. This suhj.ct is addressed in th. previously
issued inspection reports for Overflow Wetr and Raymond Dan.

APFRO V EU 
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- Colone l , Corps o Engineers
District ~nglneer
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PHASE I REPORT
NATIONAL DAM SAFETY PRO GRAM

Name of Dam : Green Swamp Dam No.  4
State :  New Jersey
County: Passaic
U.S.G.S. Quadrangle Sheet: Wanaque , N .J.
Coordinates:  Long . N.  4l0O2~25!I Lat. E. 74°lS’42”
Stream : None (Of f  the Wanaque River ’)
Dates of Inventory : 24 May 1978

ASSESSMENT OF GENERAL CONDITION

The dam is in good condition as defined in Appendix I. No conditions
requtr ing iuinediate drastic action were observed.

The 10-year old gunite su r fac ing  has deter iora ted  at every expansion joint .
and cracked in numerous places along the downstream slope . Some
efflorescence is associated with the cracks . At the vertical expansion
joint the gunite is buckled and cracked and whole sections of gunite have
separated from the underlying concrete.

It is recomeended that:

I. The crack along the dam top at the southeast corne r of the Gate House
be repa ired .

2. rhe distressed gun ite surf acing be repa ired.

3. The gunite surfacing at the expansion joints be cut away from the
joints.

‘
. The covers of the vertical drains be freed and removed to allow

inspection of both vertical and horizontal drains .

5. The trees within 20 feet of the dam toe be removed.

t’ . The drawdown capability be increased.

7. The small impoundment area at the toe should be further checked for the
source of water. Regular monitoring of the ponded water leve l with
reference to the pool level should be initiated.

~
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1.0 PROJECT INFORMATION

1. 1 GENERAL

1.2 Authority: Public Law 92-367, 8 Augus t 1972 , authorized the
Secre tary of the Army , through the U.S. Corps of Engineers to initiate a
national program of safety inspections of non-Federal dams throughou t the
United States. Gilbert Associates , Inc . has entered into contract number
DACW61-78-C-Oti!’ with the Philadelphia Office of the U.S. Army Corps of
Engineers to inspect this dam , Gilbert Work Order 06-7249-050.

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I
inspection according to the U.S. Army Corps of Engineers Recommended
Guidelines for Safety Inspection of Dams (Reference 1) and contract
requirements between Gilbert Associates , Inc . and the Corps of Engineers.
The objectives are to expeditiously identify whether this dam apparently
poses an immediate threat to human life or property, and to recommend fu ture
studies and/or any obvious remedial actions that may be ind icated by the
inspection.

1.2 PROJECT DESCRIPTION

1.2.1 Dam and Appurtenances: Green Swamp Dam No. 4 is a concrete
masonry gr avity dam which extends 38 feet above original ground , 65 feet
above final rock surface , and is 300 feet long. The dam crest is 11 feet
wide. With the exception of the 72-inch gated pipe which is incorporated
into the dam and delivers water to the Wanaque Reservoir from the Ramapo
force main at selected time periods , there are no outlet provisions at this
dam. Record drawing information is included at the end of this report . The
water level is controlled at the Wanaque Overflow Weir (NJ 00214) which is a
separate structure located 0.75 miles east of the dam .

Location: The dam is located 0.95 miles west of N.J. Route 511 in Wanaque ,
New Jersey and 2.2 miles north of Bloomingdale , New Jersey (see Figure 1).
The location of the dam is also shown on the attached geologic map (Appendix
F).

1.2.3 Size Classification: The dam is classified as a large structure
because of its impoundment (73,960 acre—feet), in accordance with Section
2.1.1 of Reference 1.

1.2.4 Hazard Classification: The dais is located northwest of Wanaque
and Haskel , New Jersey and upstream of a moderately populated flood plain
(150 homes). The dam is classified as a high hazard potential based on the
requirements of Section 2.1.2 of Reference 1.

— 1 —
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1 .2 . 5  Owner s~~~~: the lam i s  owned and m a i n t a i n e d  by the Nor th  Jersey
D i s t r i c t  W a t e r  Suppl y Commission (NJDWSC), a Ne w Jersey s t a t e  c o m m i s s i o n .
They have engineering and maintenance ta c i l i t ies located at Raymond Dam in
Wanaque , N .J. The Chief Engineer of the NJDWSC in Wanaque is Mr. Dean C. No ll.
The address is:

North Jersey District Water Supp ly Commiss ion
Ringwood Avenue
Wanaque , N.J. J73o5

l .2 .o Purpose of Darn: Green Swamp Dam No. 4 serves as a dam which
closes off low topograp hy in the rim of the Wanaque Reservoir. The reservoir
supplies water to residents of Paterson , Passaic , Clift on , Montclair , Glen
Rid ge , Newark , Kearny and Bayonne , New Jersey.

1 .2.7 Design and Construction Histoçy : This dam was constructed from
May 24, 1925 to July 19 , 1926 by Clifford F. MacEvoy Co., of Newark , New
Jersey, as part of the total Wanaque Project. The Project began in 1920 and
was comp leted with the reservoir being filled 1w March 4, 1929 . The origina l
design records could not. he located by the statf ot the NJDWSC at Wanaque .
However, publications indicate the design was performed by employees of the
NJDWSC with the assistance of individual consultants. The New Jersey
Department of Environmental Protection (DEP ) has monthly progress inspection
reports and several photograp hs taken during construction. There is no
indication of subsequent construction other than minor maintenance and the
application of a gunite surface in 1967.

1.2.8 Norma l Operationa l Procedures: Besides the gate controls and
operation for the Ramapo force main , there is no operationa l procedure for
this dam . It relies on adequate freeboard to contain floods in the reservoir .
with overflow handled by the Overflow Weir (NJ 00214’).

1. 3 PERTINENT DATA

1.3.1 Drainage Area:  90. 4 square mi les

1.3.2 thscharge at Dam Site: Not Applicable

- 1. 3 .3 Elevation: (Feet above M SL )

Top of Dam - 312 .0
Maximum Spiliway Design Flood (SDF) Surcharge - 308.8 (See Section 5.0’)
Full Flood Control Pool - Not Applicable
Recreation Pool - Not App l icabl e
Spillway Crest (gated) - Not Applicable
Upstream Porta l rnvert Diversion Tunnel - Not App lic able
Downstream Portal Invert Diversion Tunnel - Not App licabl e
Streambed at Centerline of Dam - Not App l icabl e
Maximum Tailwater - Not App licable 

--_- _- _ - - 
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1 . 3 . 4  Reservo ir :  Length of Maximum Pool - b . 1  miles

1. 3 . 5  Sto~~~~ ( a c r e — f e e t ) :

Recreat ion Pool - Not Appl icable
Flood Contro l Pool - Not Applicable
SDF Surcharge - 67,210
Top of Dam - 73 ,960

l .3 . b Reservoir  Sur face  ( a c r e s ) :

Top of Dam - 2,680
SDF Surch arge - 2 ,590
Flood Con trol Pool - No t Appl icabl e
Recreation Pool - Not Applicable
Spiliway Crest - Not Applicable

1.3.7 Dam :

Type - Concrete gravi ty
Length - 300 feet
Height - 38 feet (above surface), 65 feet (above foundation )
Top Width - Top width is 10 feet below top coping. Coping on top of dam is
2.0 feet thick and 11 feet wide .
Crest Elevation - 312 feet (M SL)
Side Slope - Ups t ream ve r t i ca l , downstream vertical , becoming 2 vertical to
I horizontal
Zoning - Not Applicable
Impervious Core - Not Applicable
Cut Off - None .
Grout Curtain - Started below elevation 287 feet , minimum depth of curta1n
is 15 feet , maximum depth down to elevation 232± feet.

1.3. 8 Diversion and Regulating Tunnel: Not App lic ah ic

1.3 .9 Spillway : Not Applicable

1.3 .10 Regulatory Outlet: Not App licable
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A p1 .tn , )‘r. ’ t Ic , gi out ng i t’ . .‘t d , an d m.i~ tintim set  t ton t h r o u g h  t h e  ~lam are
shown .‘n o ~ i n a l  ~~~~~ d t ,t.. i ugs wh i cli it e on It Ic at t he N,~~~SI’ engi  neer  t u g
o t t  i ce  Mi Deati C N o ii at Wana que , N .1 . See F t  gnu ’ .‘3  . No ~~ t g t n.i I.Ie’si gn .I.it .t were .tv.i t l a b l e  o t h e t  than tesult s uncu t ton ed  in  (h e  N o t  I h F a s t
Wa t ci Wo i Ks As s.’t t i t  t on  pub ) t c .ut t o n  i. Ret t’ t e n c  e I .nt.t .i 1’~ 2 .

Ret  e t en ce  .~ 3 by the t’omm is s tout’ r 01 the NJDWSL’

.‘ . .‘ I’t)NS lRt i’ I’ I tiN

A se ot t he  t t ’t o r d  ttr .twtngs showing p l a n ,  ci . ‘5$ ~~sCt t t o ns , and p i o t t les tie
.uv .i t Ia h Ic at the N.IDWSC ‘ $ o f t  t cc it  Wa n ,iqtu ’ , N t e t  dr ’s ci - I p t IOU 0 I
the cons I m t  ton o I th is dam , ~~ 1 titl ing I onutl a t ion c o n d i t i o n . .ipp c.i ted iii
he NJIIWSC ‘ 1’~~ r ep ort  , pag es  1 .S— ISQ s~Rct ci ente .‘ . l’he .lam wa s

t OUS t i t i .  t ed bet wer ’n M ay .‘ .~ , )‘) 2 .  and In) v I’~ • I ‘~ -

t~1’ERA 1’! ~N — Not App I i  c tb I e

.e . 1 Ava t lab i l i t v : Founda (ton exp los i t  t o n  and des i  gn intl cons t i - u ic t  t o n
~t.I t .t w et ,’ not iv .t t t b  It ’ • not w e t e  i- tic t ti t a  I .tnd hvd ran i t  c .tc s gn t .i I ii I at t otis
Reset-v ot i t..tter t r a d i n g  levels were IV .11 i .ibl e , also set’ paragta phs 2 .1 m d

.‘ ab ov e

9 - .~ Ad.’~jua cv : l’he t t ’ - o  t~1 di -  mw tu g s  s upp I r ’ment ed by f i t ’ ) d tta t a ga t he ted
on th i s t liM p e t t io n .mppea t a~Ir ’qua t t’ t ot 1 l i i  s Ph ase I s a t  et V t nspu’ct ton.

2 ~~. i Va 1 t.t i t v : The t t’ t~~i - d dra w i n gs app ear to .tdcqu.;t u’lv t- ept-esr’fl t t hi’
act n.m I s t u-nc t nrc , ha si’.l on I he vi sti ,t I i nspei t ton.
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3.0 VISUAL INSPECTION

3. 1 FINDINGS

3 . 1 . 1  General: The Phase I dam inspection was performed by a team of
Gi lber t  Associates , inc . engineers during May 24-25 , 1978. A previous
inspection of this dam was performed on April 5 , 1977 by employees of the
NJDWSC and is attached as Appendix E.

3.1.2 Dam: The dam is constructed as a concrete masonry gravity section .
Ac cording to NJDWSC, the dam received a gunite surface in 1967. On the
2 vertical to 1 horizontal downstream slope , the surface is deteriorating
badly. In all the vertical expansion joints the gunite has buckled and
cracked. Numerous random cracks were noted over the face of the dam , some
with efflorescence. In some locations , including several of the joint
locations , the lower 2 to 3 feet of gunite surface has disappeared . The
gunite seems to be separated from the concrete for the entire height that
was phys ically inspec ted , approx ima tely 8 fee t .

Accord ing to the record drawing (sheet 45 in a set of 61) the five 8-inch
latera l drains which drain the water from inside the dam should exit above
grade . These drains are not visible ; presumably they are buried under the
granular material along the toe of the dam. A high water level was noted in
this material.

The 72-inch Ramapo force main to the Wanaque Reservoir ends at Green Swamp
Dam No. 4. This line is buried . Some ponded water was noted directly
against the downstream toe , between this pipeline and the rock bluff forming
the left abutment. This seems to be trapped water from springs existing at
the’ rock face.

The top of the dam is reached via a structural steel stairway located on a
mound of soil over the 72-inch force main .

The Gate House , located on the top , houses the ga te valve opera tor ; a t the
southwest outside corner of the Gate House a crack , about 15 inches long,
0.25 inches wide , and 1.75 inches deep was noted running to the adjacent
expansion joint (see Appendix C).

The dam is positioned between two rock abutments with the left abutment
steeply rising to elevation 400 feet , and the right gently rising to
elevation 360 feet.

The contact between the abutment and the dam seems to be in good condition.
The steep left abutment rock slope appears to be stable.

As observed , the rocks of the outcrops on both abutments consist of massive
medium to coarse-grained granitic gneiss , wh ich appear to be generally
fresh-look ing .

-5- 
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3. 1.3 Appurtenant Structures: There are no appurtenant structures
connected with the dais, other than the control building for the 72-inch
Ramapo force main , located approximately 175 feet south of the dam .

3.1.4 Reservoir Area: The steep slopes along the reservoir rim near the
dam site appear to be stable , and massive granitic gneiss outcrops are fully

- exposed along the shore . Adequate ground cover in the form of trees exists
on the upper part of the left valley and along the west shore . Sediments
derived from hillside erosion appear to be minimal.

3.1.5 Downstream Channel: There is no downstream channel at this dam ; a
parking area has been created level with the service road south of the dam .

3.2 EVALUATION

All  the v isual ev idence , including the minor crack in the dam top at the
Ramapo force main G.te House , deteriorating and cracked gunite surfacing,
and lack of seepage and leakage at the faces and abutments of the dam have
led to the conclusion that the dam is not in an imminently dangerous condition .

— Repairs to the gunite surfacing are required as well as grouting of the
crack in the dam crest. At the expansion joints , the gunite should be
chipped away to expose the joint. The trees growing within 20 feet of the
dam toe should be removed .

• 3 . 3  ATTENDEES

North Jersey District Water Supply Commission

Marie DiLaura 23 May , 1978

Gilbert Associates, Inc.

Rudolph J. Wahanik 23-24 May, 1978
Fine T. Hsu 23-24 May , 1978
Rudy P. Visser 23-24 May, 1978
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4.0 OPERATIONAL PROCEDURES

.1 PROCEDURES

The water leve l in Wanaque Reservoir is governed by the Overtlow We ’tr structure ,
0.73 miles east , to a poo l elevation of 302.4 feet MSL. The h i ghes t  w a t e r
elevation recorded since October 1950 W 3 S 3O3.’43 feet (References ~ and ‘)
with excess flow passing over the u n c o n t r o l l ed  weit - . There is no operationa l
procedure at Green Swamp Dam No. 4 t o  control the water leve l or release

- - water from the reservoir. The Ramapo force main discharges into the reservoir
- ‘ through a gate control house located at  this dam and shown in the photograp hs

of Appendix C. The Ramapo force main is a 72-inch diameter steel pipe line ,
25,000 feet long that conveys pumped water from the Pompton Like Dam in the
Ramapo River. There is no pumping allowed during June through September.
The system can deliver up to 100 MGD , depending on water needs and availabil i t y .

• 4.2 MAINTENANCE OF DAN
V 

The reservoir rim is traversed daily by NJDWSC guards who report appar en t
maintenance problems to the Chief Eng ine e r .  in addition , peri odic
inspect ions are made by engineers  and/ or  other  personnel  of the NJDWSC and
reports w r i t t e n  r eg ard ing  main t enance  requ i r emen t s .  Th e’ 1’)~ i nsp ect  ion
report (Appendix E) recommended repairing the’ loose gunite and i n s e r t i o n  of
tar at the expansion joints. This st i ll remains to he done .

4.3 MA INTENANCE OF OPERATING FACILITIES - Not Applicable

‘4 .4  DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

No automatic warning systems exist at this dam . A daily patrol is made by
the NJDWSC security guards equipped with radios. According to NJPWSC
pers onne l , the guards are instructed to radio the gu.urd house , or fai ling
that , to directly radio the Wanaque police of any obvious , im pending ha.’at-~l
t o  residents from the dams on the Wanaque Rese rvo i r .

EVALUATION

the maintenance procedures for this dam are inadequate. Even though the
gun it e  s u r f a c i n g  does not enhance the s t a b i l i t y  ot the s t r u c t u r e , it does
protect the underl y ing concre te from spal l ing and should he kept in good
repair. The concrete covers of the vertical drains should he t reed .mnd
removed t o  in orde r to check functioning of both vert i c.i l and her i ~ottt .tl
drains .

_____ - ~~~~~~~~~~~ ~~~~~ . -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~ . ~~~~~~-
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5.0 HYDRAULIC/HYDROLOGIC DESIGN

5. 1 EVALUATION OF FEATURES

- 
‘ Other than the dam , there are no hydrau l i c  s t ruc tures  or cont ro l  f a c i l i t i e s

at th is  locat ion , except for  the Ramapo force  main in le t .  Reservoir
overf low is provided by the Overf low Weir , 0 .75  miles to the east .  De ta i l s
on the methodology used and the hydrologic results for this Report are
presented in Appendix D.

5.1.1 Design Data: The maximum pool elevation for the design discharge
of 18 ,000 cfs is 304.3 feet. This is based on the spiliway elevation of
300.3 feet plus a head of 4.0 feet , for the Overflow Weir. With the
f l ashboards in pl ace , the overflow bec omes a sharp edged weir wit h an
eleva tion of 302.4 fee t, and a pool elevation of 306.6 feet with the design
flow of 18 ,000 cfs .

5.1.2 Experience Data: The maximum recorded reservoir level since
October 1950 is 303.9 feet , 8.1 feet lower than the crest of Green Swamp Dam
No. 4 which is at elevation 312.0 feet. This level was reached in March
1951 (References 6 and 7).

5 . 1 .3  Visual Observations: There is no visua l evidence to indicate the
dam has ever been overtopped .

5.1.4 Overtopping Potential: The PNF , when develop ed as descr ibed in
Appendix D and with the flashboards in place of the Overflow Weir , res u l ts
in a reservoir elevation of 308.8 feet. One-half the PMF results in a
reservo ir eleva tion of 306 .0 fee t, with the flashboards in place. Since the
top of the dam is at elevation 312.0 feet , it wil l  no t be over topped by the
P~IF or one-half the FliP.

5.1.5 Reservoir Drawdown: The existing drawdown facil ities installed in
the several dams of the Wanaque Reservoir are not adequate to lower the
water leve l of the reserv oi r in a sho rt per iod , of time . It is recommended
that the owner design and construct water release structures that will allow
lowering of the water level within an acceptable period of time .

A prel iminary evalua tion of the perf ormance of the ex isting drawdown
facilities is given in Append ix D. The time required to draw down the Green
Swamp Dam No. 4 to the bottom surface level of 274 feet using the existing
facilities at Raymond Dam is:

System in Use Time in Days

Aerator System 120
36-inch Diameter

Blowoff 377

Aerat or and Blowoff 91

— 8 -
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- 6.0 STRUCTURAL STABILITY

b .1 EVALUATION OF STRUCTURAL STABILITY
V 

b. l.l V isua l Observations : The several damp spots observed on the
downstream face of the dam do not appear to significantly affect the
stability of the dam .

The 8-inch steel drains at each expansion joint were not observed , probably
due to the placement of additiona l granular fill along the toe of the dam.
The granular fill will aid in dissipating water and provides additional
stability to the dam .

The crack on the dam crest at the Gate House is probably due to overstress
in the concrete caused by the post-construction addition of the Gate House
and equipment. It does not appear to be related to foundation instability .

Massive granitic gneiss is well exposed on both abutments.

Design and Construction Data: There are no design calculation
data available at NJDWSC. Construction on this dam was started on
May 14 , 1925 and comple ted July 19 , 1926. Reference 2 covers the Wanaque
Project of which this dam was a part up to July 1925 . Record drawing sheets
~~~~~~ 4~~, and 48 in set 61 provide data on site topograp h y ,  g r a v i t y  sect ion
details , and grouting information.

According to Reference 2, “The concrete masonry gravity dam was des igned to
w i t h s t a n d  the maximum s t a t i c  water  pressure , up l i f t  pressures , p lus an
assumed ice pressure exerted at the flow line of 20,000 pounds /linear foot. ”

Record drawing  sheet 45 in a set of bi indicates that the deepest part of
the foundation excavation extends down to 27 feet below origina l around
giv ing  the dam a maximum height of 67 fee t .  Competent ledge rock at this
depth had been over la in  by a boulder zone (Reference 2, page 1o4” . Grout ing
was performed through 02b linear feet of drill hole using a total of
b23 ga~ ’ons of grout consisting of 47 bags of cement (Record drawing
shee t 48 in a se t o f 61) .

Operating Records: No distress of any kind was reported in data
reviewed dur ing  the inspec t ion .

V — 9 —
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Post-Construction Changes: The following deviations from the
record drawing sheet 45 in a set of 61 were noted :

1. The open drains which were changed to blind drains in order to raise
the gr ade along the toe of the dam.

2. The inclusion of the 72-inch force main in the dam , and the Gate House
for the valve operator.

3. The add ition of a structural steel stairway to gain access to the dam
cres t .

6.1.5 Stability Analysis: The stability analysis for this dam is based
on the FliP water level and 100 percent uplift at the upstream toe. The
calculation results indicate that the structure has an adequate factor of
safety against sliding and overstressing ; and it can be considered to have
an adequate margin of safety with respect to overturning according to the
screening criteria established by the Corps of Engineers (paragraph 4.4.4.4
of Reference 1). Therefore , the Green Swam No. 4 Dam is considered to be
structurally stable. Details of forces involved and magnitude of the safety
factors are given in Append ix H.

Seismic Stability : The dam is located within Zone 1 on the
Algermissens Seismic Risk Map of the United States (1969 Edition).
Calculations indicate the dam meets the screening criteria for having
adequate safety factors against overturning, sl iding and overstressing .
rherefore , in accordance with page D-15 of Reference 1 , it may be assumed to
present no hazard from earthquake .

— 10 —
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7.0 ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

The assessment and remedial measures contained herein are based on the
provisions of Appendix 1 , Conditions .

7 - 1 DAM ASSESSMENT

7.1.1 Safety : On the basis of the visua l inspection and available
record data , the dam does not exhibit any critical signs of distress such as
structural cracking, severe dif ferent ial settlement between the 30-foot

5 I sections , or horizontal alignment dislocation .

The dam top will not be overtopped by the PMF or one-half the PMF as
I I discussed in Section 5.0. The addition of fill along the downstream toe of

the dam has increased its stability against overturning.

7 .1.2 Adequacy of Information: The visual inspection generally verifies
the oveiall geometry of the dam as presented in the record drawings .

7.1 .3 Urgency: Remedial measures recommended in paragraph 7 .2 should be
implemented as indicated .

7 .1 . .. Necessity for Further Studies: None

7.2 RECOMMENDATIONS/REMEDIAL MEASURES

7.2.1 Recomendations: The following measures are recommended :

a. The crack along the dam top at the southeast corner of the
Gate House be repa ired soon.

b. The distressed gunite surfacing be repaired in the future .
c. The gunite surfacing at the expansion )otnts be cut away from

the joints.
d. The concrete covers of the vert ical drains he freed and

removed to allow inspection of both vertical and horizontal drains .
e. The Owner design and construct water release s t ruc tu res  tha t

will allow lowering of the water level within an acceptable period of time .
f. The small impoundment area at the bottom of the left abutment

against the downstream toe be further checked soon for the source of water
by means o f pumping. Regular monitoring of the ponded water level with
reference to the poo l level wi ll a lso help determine the cause of ponding.
The result shall be evaluated by a qualified geotechnical engineer.

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



, V

‘

~~~~~~~~~~ 1~~~~ ~~~~~~ 
~~ 

‘
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

L 

4 4
) ~. - - ~~ T~~~~/ /

/~~~ ,. ~~‘ ¶ 
~

~~~ p .

, 

.

~~~~~ 
~ L ~ 

‘

~~~~~~~~ L “
— ~~~~~~~~~~~~~~~~~~~~~~ ‘

V - 
I ~\. . 

H - 
\~~~~) . \

~~~~~~~~~~~~~~ ~~ /fl ) /~~ “ I

~~~~~~~~~~~~~~~~~~~ N 

(
~

I
’
~~

_

~~~~~~~~~~~~~~~~~~~~ 

I

= 
— - - 

/ / / ,  GREEN SWAMP DAM 4 / :~

- 

( 1, ~ 
I ~ 

‘

- ~~~~ . . .;J ~ 
FIGURE I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
IMIL E ~ >. ~~ ~

- - ;  LOCATION MAP

~~~~~~~ 

____ 

“

~~ 

‘ ‘  “S - - 

~~~~~~~ 

‘ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
GREEN SWAMP DAM ~~~

I - - ~~~~~~ - ~~~~~~~~~~ - - -______________________________________________________



- ~~V_S V ~~~ • S-S~~~~~~ --

- -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -
- ~~A N A\0 a E ~~~~~~~~~ 1 2 V 0 1~~~ ~~“J  

-

- 
- 
‘ - ‘V ~ 4, \ ‘

\ ~ ~/~— -—---\~ /f~ N_,,• ,~\
V~~~~\

) •~
/--S

~
’ /  

~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~

— - - (~/ 

t\ \/ \
L
~

5
~Tc~~~\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘i
”

~~~ 

&~~ L ~o5 

~~ ~~ 

0

PLAN

_ _ _ _ _ _ _

k Sto O~/28O .$~a ii.~j a’~-110t - -
~~~ 

I

5 . .  113/20) ~ /5 rop of dam (1 3/2~ - ___________ _____ ______

i1~~
t

~~~~ ~~ _ _ _ _  _ _ _  _ _ _

‘t CWu’lf ‘ I - ‘~~ 
~~~~~~~ - - - .~~ I

-~~ 

- - 
280: - Original.- t~~~4~ 

- / - - - — - -

I H : r
~

• -S 28O

: ~~~~~~~~~~~~~~~~~~
¼ ~~~~~~ 1 2 3 4 6 7 6 9 tO It

- -~ ~~r . • P’no/ su.*re . PROFILE . . V

- - GREEN SWAMP DAM NO. 2 
-

• ‘ .j •. 
~~ hqht weight 

-I ~~~~~ ~~~~~ Cem.nteo’ to cxpet ’ s”M• I hot asphalt
I-~~~~~~

: V 

- -V 

cA I I ,,I 
~ ,CdMei wota~stop,see ~~tod — - 

-

~~~~~~ 
,;;;~,, 

~~tcce ~ f.J fIcs~i~i..~ j  i ~~ 
F~r~t’ 

1~~~~~~~~
N

~~~~~~~±~~~~~~~
t
~~ _ 

~~~~~r1” “i 
~ A I ~ . . -

. ~ 4 I i~ht ~~~~ J ~~~ 4g~!_4 •S~CTI~ON 
:~~

° 
t ~!* h”t  : ~~~~~!~~

24. 
~~~~~~~~~~~~~~~~~~~ 

:~~ .:~~~~~.

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ , I r 30

~.. ~~/(‘4~~ ___________I -
‘ - ~~ V~~

’Q ~ SECTION C-C
COPPER WATER STOP VERTICAL CONST;~uCTION JOINT

_ _  _ _ _  
- - - . - - - - - ~

.
- .

- - 
—

-. 
/ DETAILS CO~

- — - — -— — - —f-V- — - ~~ ~~~~~ ..~. - ~~~~~~~~~~~~~~~~

____ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ :- - : --~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -----S — ~~~~~~~~~~~~ 
— -- V - - — - ~~ ---~~~~~ -V-----S- -V-- - -.--V--—------,•-—- — ---- -—- -- -5-—— --S- -5- -V—-—~

10b J [flY W 4 N 4 Q U E  R ( S 1 2 V 0 1 2  ~~~~
V R~~CORo ~~~~~~~

~~~/ . .  
~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ ~ . • V - . 
SHEU 45 SHEt 15 -~ ~ I 6? 

- -
~ “,~u1s ’i ’*tti 3x3-.~~ .— - - . ~ ii 4 —“ -

J ~~~~~~~ 

‘
~~~ - . ~~ \ .c..~( 

-
(It  ~~ V~~~~~~~~~

V5- S .~~~~~~~
5
W , .  V 

- 
-

A.12 00V8~~~
.V 

~~~
. . 

• ~~~~~~~~
I STA. O’OO ‘

~ 
~~~~( ~6TA.3.1997 ’

IMIL ~o 10 I N ~øe ~~~~ - • 
— ~

aot 

5ta ~~ / ~:; ~ 

m j - . - I I O  -1 I

~~~ /
/ ~~~~ 

~ 
( 

~~~~~~ 

f ~ 3040 
- 

I’ ~°~°

/ 
V -

\ ~~~~~~~~~ 
~~~~~~~~~~~~~

~ . \ ‘ - IZ ,i(nf, e~mpvl *o4.. . • PLAN
- 

•. -. - - 340 /011 !. tosavmp ./ -
( 

. N. /,,4.(f)7~~~~,,,,j? 
~~~~~~~~~~~~~ ~ -~~ - _____

.

~ 

.- O vt/ e tf Z 3 l  
~~~~~~~~~ 

- . ~--
• 10vteo sit$— 1 •r~~t ..r j~ t

At7T( - Seat-h mtrk., w~ J ~~ osj rQtts ~mj /k~4’ lab ~4e ,~c4 
• 

~~~~~~ ‘i” -

__________ ~Frn.. / i~~V J C

$to 2.IJ - ______

—220— 
C•2tX 

-320 
- - 

~~~~~~~~~~ 
-
‘ ~~~‘-~~~ ‘-~~- ~~~~~~~~~~~~~~ — ~ - -

_  

_  

O OE
~~~~~~~~~~~~~~~~I:!

280 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

‘

~~~~~~~~~~~~~~~~~~!t~ 

_ _ _ _  _ _ _ _ _  

~~~~SECTION A

• - - . PROFIL E 
- ‘ . —

MO. 2 -
. GREtN SWAMP DAM NO. 4

V 
- 

- - . C&dTRUCTFOPI Pt •CORO V

- ~~. - ~~~~~~~~~~~ ~~~~~~~ ~~~ Ab 2 lidS .445, $24 to No~ * 1925. ’
4~V~fi~ ,veP ~~~~~~~ 

e..~~~ llgmMo4bu,lt Moj,. 24;192UoJi.1y41926
V - - V - V ~~i i ~C~otrort Z C~ff ord F MocEvay~o. V

- - . . • Sew~*,NJ ()t,~t-t~~ a’~Oceoro’once with
- - - V - t/),s recc#ddrowmg

- ~~~~ ~~~~~~~~~~ 

i’~ -‘(S

I: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~B 
•
; 4i• ~~~ 

. WA?IØ ~UPPL V COMMII~~II.,N

SECTION C-C 
&EeriON D-D WANA QUE R[E I ~VI );1~

AL CON.Sr;-IUCT1ON JOINT HORIZONTAL DRAIN GREEN SWAMP DAMS NO~ . . ~: •

- ~ ~~~ L~~~~~~~~~L PLANS, P’ IOFIL(S AND ~ ik :~~

DETAILS COMMON TO BOTH DAMS • - APrnI. 9o. o i  FIGURE 2

— -

. 

. - -

-- —a- - -p-- -— ~~ ~ - -. . V .  - 
- V~~~~ - : — .



V~ S5V_ ~~~~~~~~~~~~~~~~~~~~~ S~VVV_ •S VV ~~~VVV~-S~ •• V_V •_V_ ~V_~~•~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~ • 
_________ ~V~~_ __ V

APPENDIX A

VISUAL CHE CKLIST

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
____  ___________



—----~ r~ 5- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-I

—

-~~ —

— V

0~

— —  S_i
•5•~~z

—‘V
—I- .  

~~~~~ Z
-
~~ 

-—

-— ~- ——S S_i
0 ---‘

I~. ‘-i) ~~ ~~~3 r—.~ .~ .S_I >~ Z , -....
3— -i ~~— — - ~ >S

-‘3 I~ —
3 .-i .J

4 -~ S_I
0 .~ ..~~--.

0..
-— -— -v 3.

3. ~~~ 0 3  ~~~
z.

4 Zc.~ 0 0
>~ I—. -~ I 3

— V _  S_i
iS. - ~~~ . . 3  >,

iS., —-~ -~~~~ J 3 0
0.. ‘.•~~3

3 3 ~— s-i.
—•• -— V~~5~ ~J

3~
~~ k-~ >

0.1 E 3 .
-— 3. -~~ I.~’ .~ 3
,_

~ ;n ~J -~ _i -_ -~ - 3,
3~~~~ - ~~~

- u~>.~ -~ .3 -- S
cI -~~ .3~ ...i

3 -~ V _ Ste .
~~ ~)

~~~~~~ 3 -  a- 3~~- V

— I  .
-— -~~~- •~ ~~ I t.s .iI
> .. -J~~ 3 0 ..

I- . , -~~~ 3 3  —
5; 3~ ~i) ..J

3.1 —
—‘ 0 5 3  - - . 3

-
~~ 

0.. 3.
~J .~

-.II 3 ~-S •_i
a ~~~~ V .~~~~ .-J .n

-b .~ 3
3

0 3
0 .— -—

~~~~~-~~‘ - -b ..., ._i
-~~ r-.--- -—

0.. 3 3.1 — —  3.
-3 ./1 0..z -~~~~ 3

5 :•~0 -N S_I -‘5
-‘5 ~~-‘ . J3  ~j.:: ~ > ‘> W 0 . -—

-) > 1 5 —
34 ~~Z •~S 5 — j ~ 

.~ _i
-
~~ 

-— — 0 0 1 5  — ~J ~3 .. _
~~ .) 

~~ ~J 4._
S . f l 3  .~ ..~. - .
3 •~~5 V 

~J • -~.1 -b O ~4~~ fl — 3
15 • . 3  3 — ~ - —

1_I —~~~~ ~~~~ - 0.s~ 3 ‘
.3 ..~~~~ 15~ .J VI V

3. - — .~‘ ~~~. ~~ In — -— S_ I I
Ifl —I In -.0 -~ -~~S -~ ~f l 3  •S_ V > I .3 .-.~— > < -s -

~ > S .  s-I
8 -— — -— >1
-‘5 — —I _b -~~ 

-~~ • ~~. -~In . ~ J •0~= 3. >~ 3~ 3— s—. —~ s-i —~ —— .3 3. 0 >-i In In —a .3 J1 ~~~~ 3 3  S S -—
15 ‘5 .3 -~~~~3 3 V _ / 3 ~ ‘5 ~•• ~• 5 3.

a.. — ~~~ ~. -~~~ 
- 

~~~

A-i

______ • _~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i _ V V ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



S --

-
S 12) 00

•
~I~ -3 V -i S. 3

0. Li Ill —so ‘s-i— .
~
, .3 - 3  1 5 .

1 . 3  . — b 3 . 1 .’ 3  5
2) 15 5~~~~4) .3s_I U S _ I lS ._I 1.4

3 3— ~
.. 4) - ,~~~ l4.5 03 .  4 6 .

5 1~ 4) (.1 (II ~~~ 15 1-5
._I ç. ~~ 

s_I ..) 0 .4 11J ‘5~~~ 1.)
12) LI 3.3 - --‘ -.? s_I Li --I 5 >
11) 1a4 > 1 ~~~ (il --s
.8 IZ 1 5 1 5  0 4 ) 1 1 )  l3J 12J~~~Cr1 I-a • .4 ‘ s _ i 4 . 3

oJ 4 1-s U S  s_I 1 . 1 5 0
4) 3 - s-I ~~ s-I 0 ..J 3.

>. _I - ‘ 5 4 ) 4 0  9-’ 15
rJ~) - 1 0 1 5  I I.s 41 Q 4 S E
~~ . 300 )  C’1~~V U  0 0 1 5

.15 3 — 4 ) 4 •~.4 .3 ...4 4 1 2 ) 4 )~ —.
0 0-I --I 0 J 3 . 4 0 3  5 6 4 )

3 . 1 5  .3 .3.3 0 ‘5 3 . 3
3.. 10 1. ~~-I Q~ (.1 In u 3. a_I

-4
‘5- 1 .4 )  LI

. 4 )  11.I~~~~ --a — ‘V
4) G.) ’- i_I i5 4)
.4 00 .3 4J 0. ‘~~ o.s i~ .4 U
s_I 1 5 1 5  5 3 0 4 ) 1 5 1 1 )

‘5 4.1 3 . -  1.iI~b ...b
4 s-b 15 10 - . 46 U 0  ‘V U - s-b • C ‘

12) ‘ V 1 54) s-1 111 4) ( n i _I s _ I  3 s-I
11) 4) —I 4) .1) s.) . 4 3  4 ) 4 )- s - I  V - i 4 )

I n S  .3 . 3 1 . 4 ) ’ V s _ I4) ‘ V 3 ,
4.1 ‘5 ._I 0 .. I U s.J ’V 111 3. 10 4) 4) 4
4 ) 4 )’ V  4 - -~~~S 0  3 m  ~J Ia.s .3 10 (il l-i s-I
.3.3 4)~~~ l 4 . 15_I --4 4 > , U 0  4 3 . 3 3 4) 4)

(‘5 CII .-1 4) S -’-s U I ~~~ — b 4 J 11_I - ..s 4 i S s.) U 4)
Z ‘V .4 .J ‘V 1.1 Li 00 0 — 4 0 . 3  -15 ‘5 U U 1.
0 49- i s-I 3 4 0 . s ’5 V 1 5 4 3  1. 1 1 . 1 30
1— 3 0  . 3 0  i2) 4) 3 0~~— 0  V 4 ) . 3 0 - .14.s )
I-. 0 ‘s-I CO U I-I S. > Q J 1 0 U  s-I • 3 5.1 4)
~ 3 3 .  - . -4 .4..-4  ‘V 1 . 1 5 1 .1 0 4) 1 4 . .

.3 1.) ‘V CS ~4.d s_I 3 10 . ‘V 12) 4) .3 4) s_I
IX 10 VI_I 4) .4 0 ._I - .-i lJ 4) -.-i s_i ~.b 4 4 ) ’ 5

(5 .3 ~I 0 ( i 110 . 4 ) 4 )  .4 5_I~~~.-b dJ s_I 15 0 05
LI ‘11 3 4J s_I 00C5 4) 4 ) 0 . 3 1 00 1 5 1 5  5 0 3 . -l U ..)
Z .4 4 3. 3. -- i — 4) .4 — 01- ‘5 3 5.1 4 ‘50 1 . 4) 4) 4 ) 4  0 3 4 ) ’ V 3 . S I n  - ‘--4 4 ) 4 . 3
LI 4) •4 4) - ..4 I5.4 ..4 .3 -4 .~.4 ‘5 4) ‘V 00 4) LI 4)

s-b - s- I  3 0 1 0  ‘V 3 3 . 6 4 ) 4  4J %.. ._I Is
‘5 4  s-1’V 4 ) ’ V O  1 . 1 5  . 4 0’ 5 4 ) ’ V 3

4 ) 4 1 0 5 - 1  ‘ V 4 ) U 3 . 3 4 ) I n  U ’V . 4I . s lJ ._I
1 5 3  . 3 -1 5 44  ~- ‘ U  V V 4 U 3  S LI i _ l U

1 4 .5 1 5  00 4) > 1 5) 1 5 4  3
0 4 3 . - -~~ E 0 — 0 1 - i - , - 4 I n 4 )

4) 4_I .3 1. UI 4~I 0-. 3. .—4 ‘V I s_I 3. 00 ~t ’ ‘V s_I ‘4.4 s_I LI
—5 1.1 3 ~~ ‘V 3 3. ~4-I .~~~~0I-i .3 1 5 3 1 0 1 5
0 1 . 4 )  5-1 >s.3 In 4)~~~-~~~’5 4 ) 1 0 0 3 - eS  ‘1-
0 05  U 1 0 S I S  1 0 4 ) 4 1 . 3  .8 0  .4 -s-s i_I 4 ) 1 1 . 1%-.
3.9.a 4) 4 ) -~ 4 1 5  --4 3 . 0 0 s_ I )~~~I f l 4 )  ~_ I .4

3 8 .~ ‘5 s-I ll s~l iiI
—l .8.3 4 5 s-I U 5 3. 3, 4) CO In 11) 1 0 . 3
- U I S  0 1 5 30  15 4 ) 0 U — 5~~~J 4) - O O C O U 1 0 ’ V
(54 U ’ V . 3 % . I  ‘V 4 4 )  3 3 1 .  3 1 . 3

.3 -4 10 .3 -1 .3 0 --I > ( l 1’V - .I 4 ) 3
( i l l  U 4 ) ’V . . 1 11J 4 ) 1 5  L I I  3 9 - s  1 0 i 3 10 11_I I s_I .3

<‘- 1 0  . 3 Ss - 4.4 .3 0-s 0 15 -~~~~~. ’54 - s  4 ) 3’ 5 1 0 < N4 0-.
-C r ” Os ~- C5 3 l-~ ~-. ‘V Z (o~ <‘-1 3 4) 00 -~ 3. 3 N. 4) 00

‘-I 1-’
0 Z

(I I
o ~,-I

-C -C (I,
z ~1-4 1-4 0 (3
.4: IX CII),

~ 0 C&~~(II C/I
‘C

Cal ~~ O(3 ~-s I_-• ((SI
‘C -~ LI E- Z oX

3. ~-Cdl (aJ ‘C— hI l-~~ .~~ -~> U, (‘5 1-2



- --~~-- - -  --- —--- — --—5------— -~~~ ‘~~~~~~~~ 
— -•

4)

s_i 9-1 9-s
./) ‘V 0 - 3

V V 4) 1..)
0 ‘- . 4  3 3 .
—l 15 ..I 1 3 3
. I - - s_I
‘4 3.00 s_I
o - — . 3
Z 4)0 ‘ V s _ I
1.4 1.’.-. ‘ViN 1 2 ) 1 5

3
0 ‘5 O S . )

11) 1.. ) .. ._I
4) —~ __5 %.• 4)
.3 IX 4)
SI) V -— 3 -

IXV 13 dl
1 . — .  4 ) 3

Cdl (5 . 33

~~ — 4 )
3 _ S  ‘V

‘C S o )  -
.15
0 .4  13 1 5 1 5
(3 --s

6 4 )  ‘V
3 8 4 ) 1 5  V

3
U - N. — ‘V s_i 1. 3 4) ‘. ~ -s 4) .1 3

4) ‘.0 .15 C O 3 4 )~~~~~4) ~-... 3 3  3
s_I 0.. 3.. 4 ) 3 1 1 1  ~~~~~10 .~~ s-I .3 4 ) 3 3 )

- 3 .~ 4 — ‘V . 3 ) 3 1 1 0 1 3  I 0 . 1 3  -, ..i 0. 4.)
3 i_I i.) 4 ) 4 ) 0’ V 3 i _~~ 3 4 ) ,  - 1 0 4 )4 ’ -
.15 U 3  . 3 .~ ‘ V 4 ) - 1 .J-— .  3 .3

s_I L. 3 0 . ,  - ,—I U~~.-I s_I s-i l. ‘-4.5 1 3 S _
-‘ 3 0  0-. (5 3 4j ,-, 0.. 3) 4 ) 1 3 1 3

- s_I 9-I ‘V I-. .4 <‘~ .15 II) 3 ‘V - 4) 0 — 13
I n’V C O O  4 ) L I 4 ) s _ I3~~~~ - — 4 )  --S UI S
4 4 ) 3  s_I ‘.1 30 10 3 4 ) 8  1.) 4) 1 0 4 .)
0 3 4 ) 8 3 .  s - s 3 . - 1 5 30 3~~~I) 1 0 1 5
O - 4 ) l 5 s-1 3 .-I ’ . . s 3 4 ) 1 0 3 3  .3 15 3. —

(‘5 iS 4 ) ’ V  3 4) 1 . 0 . 4--s - - s - s  J 4 )~~~ 30 1 5 ._ i  ‘Vz U) ~ — 30 3 3 . s  4) 4) 5- .3 4) -— —
‘C 0 4)00 5 4 ) 1 5  - ‘-‘ .1 (5 4 ) L I V 0  . —3 — 3 O o.1 3 • 4 ) 1 0  -s-. ’.J -’5 —s 3 s ~1 ‘ 5 -  1 . 3 4 (13

- I-. 4 ) 1 2 j U 4 ) 3’.15 0 . 4 8 3 0 1 3 - 1 5  3. -. t 0 1 0  i2
1.4 ‘C B UI 0-. -11) 4) 4) .15 8 ‘..~~—i 12) —. 10 1) — 30 .4 — ‘5~-. >. 4 ) 1 .1 . I U’ V I .  ) ._I 4) -.-s3-4 0. C5 1. — .1) .1 5 3  3 . 5 3 . 1 0
1.4 IX 3 ( 5 . 4 3 3 1 5  ) 4 L i ) u~ 3 - -4 4 ( 1 3  s-I ,.I 3 , 4)

(~~ . 30  0 - 1 5  J 2 4 ) ._ I 3 .? I n’ V i S .  - .3 --, 3 )
LI (I) I S L I O L I  3 11) 151 0. 4 ) 0  3 0 .-I’ .)  0 1 5  . 1 5 1 0  -.
Z 00 4) 1.10 L I 1 0 3 3 0 3 .’ V 5 9 - I  S

0 .43 4) 3.--. .15 --I ) — ‘ 4 ) 4 )  0 8 4 )  --~~‘VLI 4 ) ._ I I n _S 3 . s- - )  9-. 3 1 0 4 ) 1 0 1 . 4 )  — s 3 . 4  1. ( 5 4 )
0 1 . 4 ) 4 ) 1 5  1 . 4 )’ V 1 1 Js_I 0 3. 1 . 4 )  3 3  4 ) 3
.3 5 1 5  ‘V 3 LI 4 ( 5 3 . 0 4 )  10 9-4 .3 30 — . 0 0 0’ .-

3 4 ) 4 )4 ) 3  1 0 . 5 4 ) V . I S X S L )  4) 13 -— — 3 - 1 5 —
3..~s 3 . i S s B 3 ‘4-. . 3 > - s - s 4( ~ . 3 1 0 4)  ‘ V . 1

fl 1 . s _ I  )~ .-I 4) 3 4 )  5 — 1 5 ’ . -
4 ) 1 5 3 . 1 09 - s  ( 5 3  4 ) 0 4)3 3 3 4 )  -15~~V 4) I n .~1J . 3

1 0 5  3. ‘ V In ’ V 5 1 . . 3 . 3  - - . 0 . 1 0  —.
3. .4 3 4) 4.) 3 3 3.~ —s 1.) 3 — -, .3 3) ‘V.3 - L I 1 0 _ S . 4  ‘ V ’ V ( S cn 3 .  4 ) 4  if~~~3 . 0  - 1 5 5  .15 4 3 1 3, n
1 . 4 ) - s - s  4 ) 4 )  4 ) 4 )  15 4) ..s — 4 )~~~~ 

s_I S i_s
U> . 3 0 151 ._i 4) 4) 1 5 ._ I  4) --‘ - 10 4.) 13
4) - - s ) 4 )’V 3  0 - 1 0 0 .’ V 4 . ) 1 .  - ‘V 4.) ..1 30 -,
3 10 1.1 --s 3 . 5 4 ) 5 3 1 0 0 1 0  • .~ 4) 0-s --s 3. .11.4 4 )
0 C 0 1i1 .3 ’V ) 4 3 1 .  , 5 1 3 s -~~~V 4 . J  s _ I 1 0 . 1 5  4) 0-. 3,

( 5 1 000--s o) 4 ) 3 0 L I4 )  1 3 0 . . 3 4 )  ‘ 5 4 ) 0  > 1 3  ‘C
‘.1 4 ) 0 0 . s  4 ) 4 ) 4 ) 1 . JLJ s-I 3 U ’ . 4 )  4 ) 4 )  s_i .Il -, iS.
0 9-5 8 3 1. ~ .4 .4 .4 .4 15 III 4) ..I 3 3 .4 3 1.) .3
IX .3 30 4.) 3. 1.) l~’ i-. .~1 i-s ‘s-* -— ‘V -15 30 ‘C - -‘ 4) C— -1 Z .~~ .j .sC 13

-4
‘C

‘1-0 Z
(3 0z z i-S.o CI)  — Z

Cal IX —i-s LI LI 0 0
(‘5< ‘C S

Z Z
I-. LI ‘3 —.•

Z ~~~~Cl, s-I ~~‘0 LI ‘C t-— -4 Z
.3 ‘C~~s4 I-. .3

-4 - ‘C LIJ4 LI~~~ — IX
‘C .3 ‘CIX LI —.Z .-3 ~- IX

Z (ii LI 3 i-. 0 0 (P1
(‘5 V ~~.) Z IX IX Z Z— 0 30 I--. .-~ ‘-3 .~~ 0

C/I L) (/~ > <  t LI 0

A— 3



— -V ~~V- V5-SVV_ S~~~~ 5- VV_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • V1_V~~~~~~

_ V -.--.-— ------‘---——-‘-‘-r-------------- VV. ~~~~~~

CI)
z
0
I-
I-
‘C

s.I
4)
12) LI
.4
C/I

IX
V 0

S
0

•1
U

4) 3
.4 1.
4) 4)

1 . 1 5 )
C/) 0 0 0 4

8 0
‘C o v c
‘3 00

( 5 1 5 11)
30
30 4)4)
IX
LI (5 0 4 )

• Z (‘5 0
0 Z 4 ) 3 4 )
LI 0 4) 3 4 )

— 3 4 ) 1 0
• i-s 4) 5 . 3

‘C —I CJ 4) 0

IX
30
C/) 1 0 4 3 .
00 C0 C f l’V
0 4.)

3 5 ‘V 3
0 ( 5  0

4) 4) U
10 1 . 4
4 ) 4) 4 )10
‘V 10 1. s_I
-— 8 15 4
10 3
4) 0 3. 0
00 ‘V 15

0 U,
Z I-o z
4 1  4 1
4.-. 0
‘Cz— z

0
IC
>4 I-
h I  LI

3-~ IX
‘C I- IX

CI,
Cl) Z
— 0

U 0

A-4

-- ----~~-~~~~~ - ~~~
—

~~~- -- -  - - - - - V_~~~V _ V  -~~~_ -



— _ V..•V-s__~ VVV — - ! V ~~ V5 ~ 
_V ’V_~ ~~~~~~~~~~~~~~~~~~~ ~

_
~_.•l_•_~_V_~

_ -~-r -7-. ,- -—— 
~~ V_ V~~V_V_V ~~~~~~ - — SVVV_VV_ __~ _V_s-7_S___ __ — V- 7V~~

__lflV._ - — —

- 
S (I)

z
—0

- i ‘C
Z

30 ~~-I U ‘ C O  3. 0 U,
‘C ‘C ~~~~~E-. C.~~*30 — Z  ‘C P- -< ’3 Z Ca. Z
= Ca, = -< 3. 4-.(3 IX LI C~C/I ~ ) - .(3 0  I~~~~~Z I ~~~ I X —  3. ~~‘ ‘C— 3 30-a — 3 Z Z  Z I’
> C/I U1- C/I30C/) >-< IX I < <  -C U, ‘3

A—5

~ 

~~~~~~~~~~~~~~~~~~~ _ _ L 5~~~~~ —--V.--



- V_ - V —- ~~~ ~~~~ 
__

~
_

~ ~~
VY ____

~ 
_V _V

~~ ;~ - -__V~~~._V__ 
~~~~~~~~ ~~~~~~~~ :-—-.-- — ~~ -—----—---- . ---— __ . —.--- -— - - — ---_ -- -— - ‘—‘--5- —5 —_ —--5—i- 

—-—---,-- _,IuIIIIIIIII

1

(/1
z0
I—
‘C
‘3

H

~~~~~~~~~ 

A—6 

I

-- - - - ~~~~~~~~~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~



~~~~IpIII!IIUuI!UIJ1!IIIUIUII____ 5 ’ _ _ 1  - - •~~‘ 
- ~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ _

~
__,

~~
_,s- _.s-~~_-. _~V_ _V ~ _ V V~_~~~~~~-5~’5-S-7V~V 

~-- - —— ---—-——: —S t ’ -
~

V-

(I)z
-0

C-
-‘C

- 1

>5.1
-4

As~~~~C/I C/)

‘32
3 0 3 0
4-30  U,
< I X  2

- (3(3 0
• 2 —

~~~i- 4—I
-C ‘C

30 IX
30 4) 4) 4) 4)

0 C/I — — -‘ —
2 00 .4 .4 .4 .4

0 (5 (5 (5 (5
C) U U U

•s-4 .1 ...I ‘s I— — — —3. 3. 4. 3.
- 4. 3. 3. 4.

‘C ‘C ‘C
s_I s_I s_I s_I
0 0 0 0
2 2 2 2

0

-s-I
4- .~4 Cal U,
4- Ca) 2 IX

2 Ca)
Z IX 2 —— — -~~ = 3.

30 ~~ U
~3 LI

Ca)
hi) (3

kriiijLuiu.ur_.-_-- ~~~~ - 
- - - 

V -~~~~~~~~~~~ _~~~~ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --. -~~~~~~~_.-_



~~~~~~~ - V_V•~~•~~~~

C/)
2
-0

C-

-
-

V

3 0 3 0  U,
4-s IX 2
< (3 0
(3

4-’

30 4) 4) 4) 4) 4)
0 C/) — — — — —Z 00 .4 .4 .4 .4 .4

0 (~ 15 (5 (5 15
1~I (.1 CI C.) U

‘ .4  ‘.I • I  ‘.I -—— — — — —3. 3. 4. 4. 3.
4. 4. 3. 3. 4.

‘C < <
s_I ~ i 4) s-I 4)
0 0 0 0 0
2 2 2 2 2

hi.
0

2

2

4’)
s-I Ca)
‘C 0 ~~= LI IX LI ‘3 30 1-.
Cl) 2 3. C/I — 4-
— 0 3. — IX

LI ‘3 (330

A-8

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~.. ,~~ ‘ , a l -~~~.



~~--— ~- --- -- -~~—--—-

I (I)
2
‘-0

- ‘C I

2
C/I— 2

4- 0
-IC —
4.— 4-
2 ‘C30 3-

IX
= Ca)

U, ‘V ‘V ‘V ‘V4-’ 00 4.) 4) 4)
Cl) 0 3 ). 3 3
2 1. 1. 1. 0-s—. 4) 4) 4) 4)

10 (0 (#1
.4 .4 .4 .4
0 0 0 0
4) 4) 4) 4)
4 4 4 4
0 0 0 0
2 2 2 2

Cl)
3.
Cal

2 3-

4.-. U, -)
SIC ‘.~~2 2— 0
~~~ ‘- Z U,

4-. 0 IX
-C —Ca) 4— 4-

-4
‘C IX C/) 0 IX
= Ca) IX C-4U, 2 C/I — Ca)-. 0 00 Ca) —

0 3. 0

A-9



F — --- -V.-— -- _~~~~~~~ V_VV_ ~-V_V V--• ~~ V_ — —--V.- ~~~~ - _—~~-- — - --~~_ -—----.,----‘--—---------—- --—- - - - - -_ _- -~ -_- V

C,)
2
-0
1-s
‘C
‘3

.4 00 (1
>~ 4) 1. ..b -— 0
.4~~~. - .-I 3 1. 1.
1..3 0 0
(5 ( 5 > 1 . 4) 4 . )

1.)
10 4 ( 0 4) 4.1 4) . 4 4 )

(0 4 )  3 ‘V 0-.
‘ V 1 5 4 ) 4 1 00 4 )  4 0 5

4 1 3  1 . 1 . 4 0 0  3 ..I .4
3 . 1 5 3  s-I Q 0 151
0 ‘.4 4) ~~~~15

4) . 4<  004) 4)
1 0 4 4 ) 4 ) 1 5  -

4 1 . 4  4 4 ‘V U. .)
C/I .~~~4 ~~~~0 -~~— 0 4 )
2 U 4 ) 0 0 - . - 4 (0 (d 03 . 5

IX 0 0 4 .- I  (O s_I 00~~~~ 0
— — 1..4 4 ) 1 5 1 5 )1. 4 ) 1 .
0 4—. 15 (I I 1. C) --4 -4 ‘V (I-I
3- -‘C 3. 1. I 5 U 3 ~~~Q 4 4 )
IX 3- 4 ) 4 ) 1 5 3 .0 4 ) >  1 5 1 . 1 .(a) IX 4J’I.I 4.J 1. ( 5 .  •
Cl) (a) 4) 4) 3 .1 . .4  (0 4) 3 0 8
Ca) C/I 10~~~~~~3 . 4 )4 ) 4 1 ( O
IX 00 ( 5 3 - 4 1 . 4 )

o ‘ V 4 )  0 3 4 1 .  - 1 . 5 4 )
3.5 .4 .—4 s-I 4) 1 . 4 1 ( 0 4 )
(5 s.I (I 9.s U >5.-I 4.) 5 4 1 . 3

..I 4) 9.. (5 .4 .4 4 ) . .~ 1 . 4 )
.4 00.4 .4 - . 1 h~ 1. ‘5 ‘V0 0 4 3 4 )’ — I ’ a s 1 5 4)  >5~~~4 o

U 4 1 1 0  .~~~ v .4 sJ
.4 ‘ s.l ~~~3 C) 4)

( 55 1 . C I  0 0 4 1  s_i
10 --4 4 ) 0 ’ V 1 0  1. - . 43 4
4 ’ V 1 .  4 J 1 . 3  4 ) . 4 4 J
0 4 )  - . 4  1 5 ( 5  ‘ 4 )  U

~~ 1. 4 ~0 4) 0 ‘-4 ‘V CS
4 4 --s O . 4 4) 1 0
•-I . 4 Q - . 1 ( 5 4) 3 - . 1  4) sJ ’V

4) (O
3 1 . 1 .. .- 44 J 3 0 54J 3 1 . 1 5 3
0 4 ) 4 1 ’ V 4 . S 4) 4 s  (5 4 ) 0 ( 5
U 1 0 1 0 30 0 4 0  C J 3 3 . 4 )

4) 0 . 4  4 ) 0 4 ) 1 .
< ‘V 0-I (.1 (0 (5 -5 {l) 00 C ) ’ V  (5

(a.
0
2
0
4-.
-C
2 z
— 0

-C 4-
>~ ‘CCa) 4-

2-~ U,
< Ca)
= 3. 7-4
U, Q
— s-I Ci)
3- U, (1)

A—b

- - ~~~~~ — -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ -~~-~~~~~~~ V. -- V
~~~~~ -~

-V_ - -_~~~~_- - — -_ -— — -
-
~~~~~~~~~~~~~-



_ _ _ _

2
0 -

I -,  -

- ‘C
, ‘ 3  I

I U,

~~~~~~~~~~~

3’
- I

- 
I >  a 5 . 4

(5 3 (5 (5 .-I
4 ) 4  ‘V 1) -s
. 4 ( 5  ‘-. 3

V .4 4) 4)
. 4 4 )  1 0 ( 0

-.5 ..I .4 4 3
I 3--~ -

5 ( 5  3 0
—4 ( 54 )  4 ) .)
(a) 4)
* C/) .1 ‘Vz 4 ) 1 0  4 ) 1 .  4 1 4 ) 5 . . s
‘C 0 .44 4)-s— I s I )  . 4 4 )
LI 4—. 0 3.

-‘C 9-I’V  4 ) 3 .  0 -3
3- 0

IC IX 0 0 4)

30 30 I 
~~~~~ 

,
~~~ 4 ) 1 5 ( 5

IX Cl) (5 C~~~0 1. —4—. 00 4 ) 1 5 1  ~~I (5 4 4
Cl) C 1 . - s  —s 00 -— 4.

4) (5 4  (0.4 0
1 0 4 )  3 ,-s 4 ) 4) 3 .0 4 1 .  --s .$ 5 - - s

‘3 - 3 4 1  O ) ’V  VI 0 . 3  ~~~ - 5 4 )  .4 4)
5 4 )

V — I 4) 0 0 - 1 5-5
(5 0 0 43 U  ‘ 0’V 4
4) - 3 .~~~~0-. ~‘4 4 ) 4)
15 4) —. s.4 4. 4 ) . 4~~~1

‘V 3 4 ) 4 )
4 ) 0  0

- . 4 0  . 4 4.
- t — )  4 — —  < 0 -1 5

U,I 2
Ca. 0
C -.
2

I~~~~~- — I
I l-S -

~ 
-

‘C I U ,.
2 000 20I 04—

I 
- — C a )

-2
30 - U ,
‘-4 

- 
t- -X C/)

IC — 0 0  ‘a)
3 .330 3. IX 3.
(‘5 2 0

C
3- i-I U) ‘C

V A-U 

~~~~~~~- V- ~~~V.
- -- 

~~~~~~~~~~~~~~~~~~~~~~~~~ - — - -— - V . — -



- - V  -- ~~~
-.-_--V.--5

~~~
-

~~~ 
~~~~~~~~~~~~ ~~~~~~

APPENDIX B

ENGINEF.RING DATA CH!CKLISTS

-
~~~~~~~

- — -

~~~~~~~~~~ 

- — -—- — - — 
~~~~~

- - — - —
~~



___  -- —- - - - - - - -~~~~~~~~~~ - - - - - — -  V. _ _ _ _

-~~ 1
4) 10

Is C.. ‘V
0 4) 0-.
* s_I — 0

4
10 5 4 ) 4 )  5
4 •3

I 0 -— 1. 0-s
- L I - —  4 ) 4  — 0 0  001)  4)

5,) . 4 4 .  - 3 4  4 >  .4
I 4 ) 1 . )  0-.. -..s -s~~ .5 4)

S 1 0 4 )  10 3.4) OCIX 1)
I * 4  5 -5 00

I LI 4) 1 0 0  0 0 4 )  0
‘V —. 5 1 .  5- * 6  4).4  0 0 0  -S~~~~- 0 ( 5  3 0  4) 15 s-I

- 3 0 -s  4 1 0  1 5) 4  (5
V 40 31 0 3 .  5 )  4 1 5  .4

I -~~~~
- - 15

3 - —  115 0 4 ) 1 0  4)
-.5 Li 1.

1 .0  ‘ Vs I  1 0 0 0  - . O  3
I 

I )J 15 —? - SN .  s_i
V 3. — ‘ V  ECN 400 UI 00 - — 4  ~~ S

4 _ s  10 (/) . 1.
- — - -1’ - 4 ) 0  3 -  (35’  s-I

- 3 — 4) 9-s CI) 31
0 ’V  r— ‘V . 4U  = 4

- — 4  5’ 4) 1 0<  0 3 -- - -15 — 15.4 4) --’ 0
I - - -s-I

(N ‘V (0 -? 00 4—. (5 s_I
4) 4 1_ N~~~~ s_I 3

3 4) 10 - 0  ~~1 31 1 ) .
-3 ) ).  ---. -s (N - 4 ) 4 )

V - s  3 1 1 0  3 4 ) 4 )  ~~~.1’ C~~~1. 4 ) 3
I -2) 3 8  1.) - ~~~~~ .-4

‘5 - 5  1. 0 0  U~~~ C~~ 0 (5
1. 0 ~~~(0 ‘C — >  0 - s 4
-2) 4.3 3. ..I 4) 1. 4 ) 1 5
3. 3 1 ’—~ 0 ‘V 9-s ~~~~~4 . 4) 4) 3-(50 I .4 3 5 (~~ - -i —? U 32 15

4) (/1 i/~ 3. (5 —? ~ 4 4) 3 1)
‘5 4) -.? ‘V - ‘V -— IX -~

00 V I (N - il) 4 C 1  - 4 15) ‘5 ‘5 V
10 0 00 4) C”) (5 (N 15 4) s-I

-— 4 0 - - s  4 — 0’ 4) — 151 4 10
— —3 4 —~ 30 -— • 00 — ‘V — (N ‘V - — ((1

‘3 IX 3 U  4 4) I 1 . 1 5  4
2 ‘5 3 ( 0  - 0 4  4 1 .
Ca) C ) 3 J 1. 0 - s I C  1. - 3  ‘3 ( 0  ( 5 0
3. 4) 4) s-~ ‘V ‘V - - 0 4 ) 3  ‘V
3. .4 4 15 ‘V 4) (N - Z 1.
‘C LI -.-. 4 3 oj 0-. — L I  4-. 1 0 1 0

0 03  0 3  0. .4 3 (II CI) 0 -— 4 V

4LI -— I f l ’ V  - 4 ) 8  4 —4 -15
Ca) • - 4 )  1 . 1 0( 5  0 4  E—. ’V- U -.? ‘~) — U ‘3 (5 0  4 ‘5

4 3 -  • . 30  LI 4 - 2 )  I 0-s
00 0-. (‘1 2 4 0-. - 3. -— 0-s 4)

4) ~. 3. LI 4 s_I s_I 4 1 . 4
10 ( 0 4 ) -  - - ( 5  6 1 5 1 - — 4 )
4) 4 — - .? 4) ~f l 4  4 ) -.? )  0 4 ’ ) - 2 0
‘3 0 --I 5 1 5 0  13) Cl) U)  - ‘5 V

55 3: -.-. - 1 5’ V  02  U . )
4 ‘5 .-J L I 4 6 41’V - — . 4I 

‘V (5 3 ( 5 4 )  0-s — 0 0
I 4)~~~ (5 1 . 5  00 4) - 1 5 3 4 )  3.-~~I— (N (N ;z ‘3 1. 4 C~1 1. -3 4 3. 4)

3 . 4)  -— (3 4) - — 55 ‘C
(5 (0 C/) 4 ) 1 0  3 1 0  1 . 4 ) 1 5  .4 V

(3 1 . 3  4 ) 1 5 4  s_i ..)
Cl) 1 . 1 50 .4 ._ I CS 0 --.

‘3.3.3 3 < u  . 3’ 3 9 -~ 4 - 1 0 3 -  2 )

H c/I
(3

‘C 2
4- —
-C 4-

‘C ‘3 -IC- 4  3. ‘3
‘C 3. LI C-.

x (a5 -.- 0 C .4
I >-. 4-. 3 (/I<IX

V 4-. (‘5 U, IC
- 4.’.. — 2 IXI z = C .3 2V — — 3. ‘CV V LI 2 4- = -I 3 0 0 —

I — -0 LI -
~~ 3. Cc) C

‘C > — Ca) LI
I E ‘3 4-. C/I I

30 s-I LI (3
C— 

- 
(a. -‘C 3 s-I C’ CI)— 0 2 IX C -)

0 4- (3 C 30
* — C/I — IX -~- ‘C (3 2 3.. ‘3-) Ci) 0 3- 3-

I 3. ~~ U 4- C

B—b

-= — —- -— - -- - ----- - --  ~ — -~~~~~~~~~ 
- - - .



~~~~V V V
~~~~~~~~~~~~ -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ------.—---------—-

~~

-

31 -
..I 3 00

10 4) — (N
4)
—0- .11 1) -

4 3 - S  3 1 -  .11
- I 5 - _ S . )  - -  ‘3

V I ‘V CI) ‘3 10
‘V . .<- ( / 11 ) 4 .  — 0 - 1 5  0 0 1 5  (fl

- — . 4 .4 -15 -— 3 1 0 — 4 ) 0
.3 151 4) — 0-—. ~~i - — 5 s_I

-3 4 . - . ?
— 0-— - 0 1 . 1 . 1 0 - s

— -1 5)”  . 4 0 4 )  —
0 4  - 5 4 - s  3 .._ I 1 .1 .  -

V ~. 3 — — -1) -15 ‘3 4)
3 0 -.- 4) ‘ V 1 . 4 - -4) -5
0 0 4 ) - —  U 3 ‘5

- - - - 1 . 3 1  -— -—
4)

- 
I 4) 3_ -_ - — = I —. ~~ 

-
~~ ~~V 

‘V 4) — — 3- 4 4)
4 ) — —  4) ..I 4) 3)

V 4) 35 -3 •4 3-.-— 3. —
.3 >.LI 10 - — 4) 3-. 0
4_ I _  0-. 4 ) 4 3 4) 4

- 3.>. ‘3 ‘3 0~~~~ -S -5 3- 3 3 5 —  3 -  6 3 3-. •3
-— 4 3 .  1 ) 5 5 1 . 4

- 3 1 3 5  - 3 ) 0 ‘V . 4  3 4 )  4)
3 s _ I —

4 . 3 1 0’ V  3
1 0 4 )  0 4 ) 1 0  0 * 4 ) 5 3  1.

4. 15 U 0  4~~s‘ 5 1 )  1 ) O L)  ‘V 10- - 1 5 ) 4 - I  I X .)  E~ t ’ 3 4 )~~ 3
-— -s 3 -S~~~’ - 1 5 . 4 U  -3

0 - 1 .4 ) 3 -  0-t~~~3 - - 5  ‘V- (N 4 , 1 4  ( N )
4) C’s ..0- 55 4) C ’ 0 3  4 ) 4 4* 1 .  

V

.5 I 00 - 5 , s  ‘3
4.. — 1 . 4- . - .  .~~~~Q 4) -— 0-A
4) 3-, .3 -,) ._I 3 s_I V

3. 4) 3- s_i — 4) 11 1. -s ‘3 4) 3
- 1 5 0  3 31 4 0 - .  ‘3 ~~~~- . . 4  3
s_i 3 00 4 ) - —  - * 1 0 3 4 ) 4 )  0

- -— -- .40 s_I - _
00 -~I ‘3 3 - 10 31 4) 1. 4) ~A 00 U 4) 1.

3) ‘3 4. >s ‘3 .4 .-~ ‘V -S — -s -~- — I 31 ‘V .s 4. 3. _0- — 4) 1. 3. 3 4, 4)— : ...4 3 ._ I  (/) I ‘V 0 1 5 1  4) 4 . 3  0 0 0-/1 3 0--.
C -— U 4.C 1. 4) 1. IX 10 00 U 4) -s ‘3
2 - IX 0 .4’4 4) ‘ 3 1 ) - —  4 ) 1 0 4 ) 4 ) 3 1
30 - i_i 4.) 1. ‘C - .-~ IE~ 

__ )‘ 1. 4) 0--. 3 ‘5 .3 V —
3.. 4) 4) s_I I I) (N 3 .3 - S ’ V  .-0-
3.~ .3 3 31 30 0-. * 4 . 4  ~“s ‘3 4) 00 3 -~~ ~NIC 0 — 4  IX ‘3 1 . 4)  — -— .53 ’.-. 4’s

00 -3 - I .3 1. _I ...J ‘3 - — .4 0 - — 0 —
— I 3 3 -J 0 3-. 4. 0-. 4 0-.

30 - -3 -3 2 — - — -~~ 4 ‘3 4J ‘V = 3-.
- - 4 - - . (N  4 -3 ’V --- 4) 4) - —

3 3 4)~~~~~4) 1 U --. - 1 5 0 4 ) 0 0 1 0  ~ 
V

40 - - — 3, .4 31 3 1 4)  — 5 — ‘V 10
-— I ._I --. 1 0 ._ I  - ‘-5~s 4 . 3 U  - -s
fl I - 3 1 . 4 )  >~ 0 ‘ V ’ 3 3
1) - 0 U 4 0 3 - 4 )  - — 4  - ‘3

O - U (I) 5.3  (/1 —? 4) 4) 4)- 53 4) 1. 4. .5
- 4) 3. 1. II’ .4 3. ‘V ‘5 -5 1. V

- 1) ‘V -.‘ 4 )  4 ) - .S 5 3 1 .4 ) 4 . 4 )  0-.

I 1. 1. - 3 0  ~ ‘ — ‘ -~~~~ —-‘ ‘3
- I (5 0-s.. -— 4’- 4.1 0-) U 31 00 0-. ‘V . 4  3 3 3.- 4) — . 3  15 4 ) 1 0 ) 5  3 3 . ’ . - S  4)

4) --. 3 4) 3. ‘ V 3 )  1 0 .-? - - 0--.
I I 0-~ - . 3 : 3-2 - — ‘ V 0 - l )  . 4 4 ) 3- —  *

I 4) ~3 0 4) (/1 4 .~~~~ 0 - s 0 . 5’ V ’ . - .  4)

C-.. <~~~~~‘ 3  ~ 0 0 0~~~~ < 3 : 1 5~~~~~5 :1)

I - CI)
IX (1_

I 3-
I I c z 30

- LI U) C
- 30 0(a )  — IX

- IX — ( 3  C-- 0V cfl —1 ’C ‘C (I)
IX 2 0 3. (3
— - - ‘C30 — 2I C — I X 3 0  ~- C
3- C/I ~- O C / I  CI) —

Cl) C- < 3 .  30 tt)
Ca) C- IX ~- 3 -  >0  LI

I U) IX 0 0 C— Z -XI 
3. 3.~~~~~ —’ — C

IX 3. 30 ~~ -4 LI 3- C—
I ~~ ‘ -., 30 IX 0 3 - —  Cl) 30 IX

30 I s~4 IX 0 (3 00 — I I X O
4--. 1 - )  3. C ’ C C/I IC 4- 0

I — ‘C 2 C~~ 2 .4) 4- 30 LI
‘a. (.3 .3 (30 CI) — IX 2 0 5 3  I ‘C

I 2 — s—I — IX ‘3 30~~ —. IX -~~- V — U) 0 U)-3~~~~0 C - I X 0 0 3 0I 30 30 3 0 3- < C -  ‘C~~~~~ ’ C -’  0 — .
IX .3 (3 . 3 ’ 3 U )  ~~~~~— 3 -. 3.-C

_ _ _ _ _  _ _ _ _ _- 
- -

- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . ------- - --~~~~~~~~~~~~~~~~ — ---- -~~~~~~~~~~~~~~~~ .~~~



3 1 —
3

-‘3 -— 0 — ’ -

:4-.
-.0 -S —0-

I , -
~ 

5 3 4
- ‘ - ‘ 3

‘V I
00

- 3
‘ 3 -3

- — -3  ---— -15 . s_I
3 r - -. -S
— ‘..3 3

- 
4) — 4)

--. 4 * 4. 4)
--5. _ S

—
“00 .5 1 .  ‘3

- V ( N ( N  — 0
(N 5 3_ V_S

- -
5 ( 5 0  4
-S -‘3 1 . ,-s-. 3

(N ‘V ‘V 4 0 3 0  4
- ( N

- 0 4) 43 0.1 30 IC
4 - -_3 .3 3 4 ) 3  .5
‘3 4) 4) - — 1 . - - -’ ~~~-— U 4 . 4 )
s_I - Vs (N * * 5 ) -.
-15 0 - 0 0 — 3

4)
4, N • V  4, 3 1 4 0  —

-15 3. - 0 0 . 1 5  0--. 0-. 3 -4
-) 0 (1) s_I — ‘V 4 3 53 0 I ‘5
-15 1~. ._I —0- = —

00 .3 -~~ 0 - 4) -~ -15 ‘V 3-s - —
4 3 5 —~~~3 3 6 4 ) 4 ) 1 5  (5

)~~ - 3s1 0 4 ., . -— . .4 ) 3 3.
— — ( 3 - — 30 1 .< 3  4, 4. 1 . 0 - 5 0-. ‘5O~ ‘ IX 53 53 - 4 ( 3 - -.
2 .~ 0-.. (5 - 4) 4) 5-0- 53 ‘5 31
—~ 4) -3 (N (N _3 ‘V 4) ‘V
3. 4. 4) 0-s 4’s ~? ._I * s-. 4) 3 0-.
3. .53 3 ._I — - 0 0 1 . 0 - 5  0
‘C LI ---.~~~i ) “ 3  4) — U

00 3 3, — 4; 4; 3 : 3 1)  4)
3 0  —‘ 4 )  31 10 - - 4) 1.
3 0 0  3 — ’ V  3 3 0-0 -15 .)

~~~~- 4. .15 .15 4 4 U)  —
— 5 . .’) U U -_ 1)

4 — -3 4) 4) 1 5 4 ._  >~~~~00 0 -  .3 53 1 . U’ 5  4 ) —
-— ‘V 0-. 0-. ~~~0-/l ‘.3 — ‘V ‘V 0 3  0’-
43 - 3 - -S 4. 4) — * _ (  0-. —.
‘3 1 .- - .  0-. 1. 15 U 4)

5 3 0 - .  - — -_  1. 3 4- 1) 4. 5 3 4 ) 1 .
40 ’- .-’ 55 4’ 4) 3 4)
- 5 0 - 1 5  4) 4)

4 1. 0-. _ I  >5 .3
4: 4) (N 1 5  — .5

4 ) 3 1 4) —0- 5) 3 4 ) 1 W— _ 0 - .
4 , 1 5 5 3  ‘3 0 0 53 — ‘ 5 0 - 5

(/) 0 4) 2 2 2 C— -15 0 3

5—
2 U)
~~ 

(-1)

C--. IX
Cl) •- U) C

- 30 2 U) 0 —  3. 
~J) LI

LI -~~ 2 Cl) 0.< U) 2 30
IX — -0 .4) 3 0 C- ’  C IX

- 0 3. s — 30 (3 —
~~ C C— ‘C ( 3 5 3  2 4- LI
30 CI) 3- LI 4- 2 — ‘C

- ‘C 30 30 ‘—. -.~~ IX LI -
— - 3 -  3- CI) C 4- 0 — .3.

C -~ ‘C U)  C-- ...
IX -~ I X Z  — — =IX — 3 0’ C  2 ‘3 (3

. 0 3. 3.-) 0 0 —
00 C/I 03. 5

-~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



_ _ _ _ _ _ _ _ _  - - - V

Ls4

Ic

‘V
4
4)

- 4.
3.
‘C
4)
43
(0

r—.

—1~

‘V
• 4

IS

00
4 (.4
0 -5---

- --4 0s_I (.9
(5 5...
1.
.1)

( 5 3 .  ‘Vs_ I C  4)
(5 4)

00 4 ) 0  - /5
U) 4 ‘V

~<— 1 5 4 3 1  U) 10
13 s-I
~~ .~~~ 0-s CJ 1.
30 U 4 )~~~~ C LI
3. 4. C/I
4. .4 4 4)  30 4) 3-
-‘C C J- 4 C

000 0--,
4 0  4 12

0
--I 4

4 4) --I
00 U

- --4 4) 4_I
(0 3, —0-u (0 .3
‘3 4 /5

— -I
4) - - -0-

1. -15
0 0 3.-z

_________________ 

B-—4 

_ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



5— - — -_ -.—
~~
-

~~ 
-.—— ~~~~~~~~~~~~ ‘~~~~~~~~~~ - — — “~~~ 

—

-

F
r

APPENDIX B

Check List
Engineering Data

Hydrologic and Hydraulic Data

- DRAINAGE AREA CHARACTERISTICS : Densely forested , few homes , very h i lly
with minima l cover on bedrock.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 302.4 (53240 Acre- feet)

ELEW0-TION TOP FLOOD CONTROL POOL (STORAGE CAPAC I TY):  Not Appl icable

ELEVATION IIAXIMUM SPILLWAY DESIGN FLOOD POOL: 308.8

ELEVATION TOP OF DAM : 312.00

CREST: 2,0-foot thick concrete coping , 11 feet wide with handrails

a. Elevation : 312
b . Type: Non-overflow
c. Width: ii feet
d. Length : 300 feet
e. Location Spillover: Not App l icable
1. Number and Type of Gates: Not App l icable

OUTLET WORKS:

a. Type: Not Applicable
b. Location: Not Applicable
c. Entrance Inverts : Not App l icable
d. Exit Inverts: Not App licable
e. Emergency Drawdown Facilities : Not Applicable

HYDROMETEOROLOGICAL GAGES:

a. Type: Rainfall recording chart , 24-hour precipit ation can , and maximum
and minimum temperature recorder. Float type continuous stream level
recorder wi th drum char t .

b. Location : Raymond Dam in Wanaque , New Jersey .

c. Records : Weather data published as climatological Data-Wanaque-Ravmond
Dam by the Nationa l Oceanic and Atmospheric Adm inistration . Stream fl - lw
da ta is recorded by the USGS .

MAXIMUM NON-DAMAGING DISCHARGE : Non-overflow dam .

B—S
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APPENDIX D

HYDRAULIC AND HYDROLOGIC COMPUTATIONS
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NORTH JERSEY DISTRICT WAT ER SUPP LY COMMI SSION

S M E M O R A N D U M

TO: Dam Inspection File

FROM : Joseph Foley, Engineer -

-

V 

- DATE: April 5, 1977 
- 

-

V 
- On March 31 , 1977 Roscoe Jennings , Doug De L.orie and I

V inspected the dams at the Wanaque Reservoir; the following
is a report on their conditions and recommendations on main-

- - tenance of same .

FURNACE ROAD DAN 
- -

Condition: There are trees and brush on the wet and
dry sides of the dam and also a small swamp of appar-
ently trapped water behind the dam.

Recommendations: The trees should be killed and re—
- moved using poison suitable for potable water.

- 
MIDVALE DAlI . 

-

Condition : Some trees are growing on the wet and dry
sides of the darn. There is a small spring flowing
from the foot of the darn at the north end. Wet spots
and soft -4et sand are also apparent at the foot of the
dam. No sink holes or other indications of dam failure
were apparent at this location. A sample of water from
this spring and a sample from the reservoir were taken
and anlyzed , the results are as follows :

Spring Water: Specific conductivity 68
pH 5 .3

Reservoir Water: Specific conductivity 102
pH 6.9

The results indicate that this water is more likely to
be ground water than reservoir water. (For additional
information , please refer to a memo from Bob Wieland
to Geor ge Destito dated May 3 , 1976).

Recommendations: The trees on the dam should be killed
and removed . The darn should also be checked periodically
to be sure the spring is not a leak in the dam

Tt1I~ 
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DAM IN SPE CTION FILZ PAGE 2

RJ~YMOND DAM

Condition : Excellent

SPILLWAY

Condition : Gøod , except that  it was in d i ca ted  by Ernie
Restaino that there is a small leak in the spillway. I
did not observe it because of the overflow . I will check
it again when the reservoir goes down .

Recommendations : The leak in the spillway should be fixed
when the reservoir goes down . -

WOLF DEN DAM 
-

Condition: There are trees and shrubs on both the wet
and dry sides. There are small spr ing s  f low ing from the
low sections behind the dam . Some samrles were also taken
here and the results were that the watw had a s~ e c if ic
conductivity of 90 and a -pH of 6.3 , so thi s water is most

— likely ground water also.

Recommendations : I recommend that the trees and shrubs
be removed.

GREEN SWAMP

t’4 Dam

Condition : The general condit ion of the darn is gcod , al-
thoug h sect ions of the guni te  su r fac ing  are cracked and
have fallen off  (especially near the expansion ,,jo i n t s ) ,
due to noisture that found its way under the gu~ite . There
was water running out of the drain but this flow was not
excessive.

Recommendations : The cracked and loose gunite should be
chipped away and replaced and at the expansion joints,
the gunite should be chipped and tar çoured in to allow
expansion of the concrete.

fl and 12), Dams

Condition: Both small dams are. heav i ly  wooded and there
is a small swamp behind the ~‘3 dam .

Recommendat ions : The only recommendation for these dams
is that the trees be removed from both sides of the dans .
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DAM INSPECTION FILE - 

- 

PAGE 3

•2 Dasn —

Condi t ion:  This darn is in excel lent  condi tion , except
around the expansion j o in t s  where the  gun i t e  is cracked
due to the f ac t  that no allowance was made for expansion
when the guite was applied to the dam . There is also a
swamp behind this dam , but this looks like a natural swamp.

Recommendations: The gunite at the expansion joints should
be chipped away and tar poured in to allow expansion and
any other cracks in the gun it e should be chipped and re-
paired - -

Il Dam -

- Condition : There are trees and shrubs on both wet and dry
-
~ sides of th is darn. There is also a swamp behind the dam . 

-

Reco mmendations: The dam should be cleared of trees and
shrubs. -

As a result  of my research -, so far on dam inspection , I
received a booklet , “Supervision of Dams by State Authorities ”
published by the United States Committee on large dams , July
1966. This publicat ion had little information on the actual
inspection of dams but it did have some useful information such
as: the func t ion of dam supervision in New Jersey is performed
by the Chief Engineer , Division of Water Policy and Supply,
Department of Conservation and Economic development . Inspection
of dams is done by the State at the State ’ s own expe nse on the
complaint of potential failure.

Additiona). information on dam inspection is also coming
from the Corps of Engineers and the United States Committee on
Large Darns.

JF:lk

cc: Dean C. Noll
Robert G. Wieland

THIS PAG~~ISB~ST~~~~
I
~~

FROM OO1~ 
FU~~~~~’~ 

i’OI~I~G ~~~~~~~

E—3

- ~~~~~~~~~~ 

- -  -
~~~

- -
~~~ 

_
~~~~

__i:_ 
~~_~~ V~~_-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -.5- 
— -.5-.--— ---— --.5- - —-.5-- -

Isport •n Dam Inspection

TAr A~’r~ ~~~QJIC?

AppLi~.atIon ~o. 32. 
-

Location 23.32 .6.4.3 and ne.rby.

On YsrePt 23 , 1923 , the gates in the awtn dam were closed .~ce9t (or the

pass age .f 27 e. 
~~
. 4 . th ro” gh th . bI~w—ott , e r-I on ~-erch 29 , 192q , the eater

La the r.smrwoir had r i se n  I feet.

On Vere Pt 29 , 1923 , in company with  Yr. 9. 1. Crl tohlcw , Insp ection vsa

of a ll o~ the da m. in the ~a ria q~,. pro j ect .

F~tr-na c, ~oa 4 di , v-a s fo’rnd to b. a ho,p t 50 c-s r sent coriotote.

Post •ro ~ ~~t~~ ,rs Ion lam • w e l t  irit eon t røl hntie. w vre  c onnl.t. •xosr t f or

elesi,i~ a as-all Sreach “~i cPt  we. l eft  in the dam for stream control , a n-I 1 is t41 —

litton of reco rdin r r ace in the cont rol hci ,se .

~ enaQu q .in dir,.

‘idasi s Cam.

Cwerflow ~,Ir.

~o It LIen ~.rn, ard

Gre’ n ‘~wam n lers i~os. 1, 2 , 3 end 4 core co mp let e ent w,~. c !v -, n ‘ lna l

Th. constructi on of ii I d a—s his bs~sn done in aceor-Ian ~ s w i t h  tP,. ao—re ’~ed

plea, and in a thoroet~’i!~ sorkriani l l , s and s s t t s tac tor ~ siann or.

Je hr, 1: . fl~~o.~ki
?y i rs u i io £n~ 1r ,eq r.

?reii t.n , 1. ~.

arc h 3V) . 1923.
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APPENDIX F

REGIONAL GEOLOGIC MAP

.5- ----—— ----- -- 
- - - 

- ~ :- - ----~~~--_-=-------- ~ - - -— ---- ------- ----- _ -~~ -.--~~~~~~~~~~~ .___________________________ -



- - - -— 
-

-

~ 

_ _ _  :~ ~~~~~~~~~~~~~ 
- - : / 7~~~~~

• 

- 

gh

- - R  Qob’-T  N &J G f . .~~~W~~~~f ’~Y j .~~~~~/PQ0/i 
~~~~~~~~~~~ / - - - -  -it —

~~~~~~~~~~ 
~~~~~~%/ ~ /

~~~~~~~~ o/j / 7
__ 

:,/ gh ~2c:fl.T - t~.
‘ - ;  

- Y/ 7 ~’. , -, ‘r~~ ~

ks\ ~i -t 
4 ~,, , & 

~ 
‘-,c 

~~ 
~

.

- “+21 ~hqo h~a
/ ,f

~~~/ 
,4 / - --.-- ~I: —/ 

‘

~~~~~~

J / 10 ~
- 

t ; 
~~~~~~~~~~~~ 

-

~~~~~~~ 
~~~~~ ! ~~~~~~~~~~ 

~~~~~~~~~~~~~

( I ’-! I 
) -~~.‘ ~~bs - -

— ~ / 
/ ‘r7I-~ — .- 

?

-“ 
/_ f . 

I ~~ 1VA ~~~~~~~ 
- - 

~~~~~~~~~

-‘
, 

~~~

- .. \~
- ; •

— ~~~ 1~~, ~ 
- 

. - e’~’-ii ~~~~~
‘ .- - - -  7 -~~~“ 

- -

gh 1- ~~ ‘AM’
~ M ~V ~~~

-
-/d

~~~
ç 

,

- 
.
~ ~~-

- -

/ 

:~~~~: 

~~~ 
- I -

~
-.:~ 

- ‘ --v” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
:- 

.-
-

~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:1~~~~~~~~~

’ ~~~~~ 
‘< ‘

~~~~~~- 
I 

- . I 7 — -- lb -,
_•• 

~~~~~ ‘

— — = as—— —  — - - -_ C — ~~~~~~~~~~~~~ r~- 
__ ‘- - . —

I
- — :-~~~~~~~_ :~~~~~~J~~~~ ~~~~~~~~~~ -~~~~~~~~~-— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



“

~~~~~~~~

,, 

- 
•

a - 
.5 

‘~~~ - 

- 
lb BRUNSWICK FORMATION

-

~ ~ bs BA SALT FLOW S
~~~~~~~~~~ ‘

~~~~~ l ’ .~t;~~~~ 
PRECAMBRIAN

— 

‘ 
- - - - ). 

~~~~~~~~~ 
gh MOSTLY HORNBLEN DE GRANITE AND GRANITE GNE ISS

-- 

-
- 

- - - - ani AM P HIBOL ITE
- -  

:. -
- - - 

—. pqo PYROXENE GNEISS; MAINLY QUAR IZ—OLIGOCLASE — 
- 

- . - - 

- %
. CL I NOPYROXENE GNE ISS

- -- - - - 
- - ‘ 

- :-  hqa PYROXENE GNE I SS ; MAINLY QUARTZ—ANDESINE GNE I SS 
- . 

- - 
- 

- - 
- 

- 

- 
WITH BOTH ORTHO—AND CLINOPYROXENE

‘ -
- i \ - . - 

- -~ qo OUARTZ—O IIGOCLASE—GN EISS
— -c - -

~ ~ .
• ~\- :  

-~~ qo b QUARTZ—O IIGOC IASE—B I OTITE GNEISS

‘I ~ 
; \~ 

S I LL I MAN ITE GNE ISS

1c. - ~~
- . 

- 
- 

~
‘ 
~ .\~

- ‘ CONTACT LI NE
- -
~ r’-

~.\ FAULT LI NE
-
. 

— 
-. 

- 
t-

~ NOTES:
• i  I

~ ~~~~~~~~~~ ~~~~~~~~~~
- : ~---~~ -~~ -‘-—

-
~~~ t ; 

- 
1-:k

~~~~ ~
-- --

‘
~ 

1. THE PRECAMBRIAN MAP UNITS RE PRESENT GENERALIZED
• •

‘ ~~~ 
- - -

~
-
~~~~~-~~~L~~..

k; :- ‘ .~~~~~~.. ‘ GROUPINGS OF ROCK TYPES BASED MAINLY ON MINERAL
- 

- ~~~~~~~ 
- ‘

~~~- 1\  
:~~~

—
~ 

COMPOSITION . THERE IS MUCH LOCA L VARIAT I ON IN

- 

.
-‘ -

- 
‘-  

~~. - 
- ~r.;~—.ci1c,. -. THE MINERAL COMPOSITION.

- - 
: y~ ~

. ~~~~~~~~ J-f. .~ i~ 2. THE CONTACT LINES AND FA ULT LINE SHOWN ON THE
-

- 
~~~~ ~~~~ 

- .1 .- - -f i~~- - ,7\~v~ DRAWING ARE DASHED WHERE INFERRED.
- 

~~~ - •
‘

~~~ ,r -
1.~

_ 
~~~~~~~~~~

~~t ;~~~~~j ~i..~
\t’-< SO URCE

\, ‘~ - ‘ . - 
.•

~~ ~-t •

~~~~~ ~

-

~~~~

‘ 
~~~~

- NEW JERSE Y GEOLOG ICAL SURVEY TOPOGRAPHIC SERIES
- - ! -

- 

- - - 
- 

-
~~~~

• - - . AND GEOLO G IC OVERLAY SHEETS 23.
f
; 

~~ 

~~~~ 
~~~~~~~~~~~~~ ~~~~~~

- - 
~~~~

T”
~~

-. - 
~~~~~~

- 
- - - 

.. 
“- — , .-~ -

- - - - - - ‘—
—--•. _ _ \ ( _ ‘

- 
. . 

.

~~

_,-. 
,

~~~~~
. 

“—

~~-ti::~~

’- - 

2

-ii 

~~~~~~~~~~~~ 

SCALE IN MILES 
1

~~~ ~~~__ -  _ u~~ . 
~~

i~~t’~~~~~~~~~~~~~~~~~~>~~~~~~~~
Y’ 

-~~~~~~~~~~~~
. 

‘ .
~fr 

APPENDIX F
I
” 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
REGIONAL GEOLOGIC MAP

~~~~ ~~~~~~~~~~~~~~~~~~~~~~ C/’- ~~~~~~~~~~~~ SHOWIN G DAM LOCATION
.5 - 

p ’- - , I- ii
- - -

-- 
‘~ ,- 

-, . - 

~~ 
:-

~~~~,
‘. .

~~
._.____ WV,: • - . S — -__ - S~~~~-_ —~~~~ -—--— —. .5— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a S • .~

~~IIii. - r-~~~~~~~~~-~=- ---- - - - - - -  ~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - —-—-- ~~~~~~~~~~~~~~~
- -

~~-



-.5 - ~ -—- -—- - -- 
- - -.5--- —__‘___•_‘i ---v —-_-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- -~-~--~_--~ —----.5 

~~ !-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

— -----—------- --.----- ----------- - --- --—- - -— - —.5- -.5---.—-- —

APPENDIX G

REFERE

— ~~~~~~ - --~~~~~~ .5 — - - —- —— - ---— -~~~~~~~~~~
-— — -

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~ - — --.5---



APPENDIX G

- 

- 

REFERENCES

1. Reconmended Guidelines for  Sa fety l ec t ion of D~rns , App endix 1),
(Wa shington , D . C . ,  Department of the  Army , O f f i c e  of the C h i ’ t  o f
Eng ineers).

2. North Jersey District Water S~~~Iy_ i s s i o n - R ~p or t  i925 , (Newark ,
N J . , Office of the Conunission), 1925 .

3 Publ ic Works , Vol. 54, No . 5 , May 1923

4. Water Resources Data for New Jersey
~ art 1

L 
Surface W a t er  Records ,

United States Department of the Interior , Geologic Sui-vey .

S. HEC—l Fl ood ~y~~ograph_Packag~ , Hydrologic Engineerin g Cent er , Co rp s of
Engineers , Janua ry , 1973.

b . D~~~y_Reservoir Water Level_and Dischar~~ Recoi-d Files frorn October
1950 to date , owned by the NJDWSC.

7.  W at er  Resources Dat a for  New JerseV~ ar t  1 , Surface Wat!r Records , —

USGS , Department of tile In t e r i o r .

8. Passaic River Bas in  - New Jersel and New York Survey Reiport  for
Water  Resources , New York D i s t r i c t  Corps of Engineei-s , June 1972.

_ _ _ _ _ _ _ _ _  
- - 

_~~~~~~~~~~~ _ _ _  _ _ _ _



—.5—--- -—-——.5—: — -_ .5.,—. --------———- -.5 .5 - ----.-—--—--—.--—--~~~ ‘~~ f - - -’- r-- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.--- --,.-—-- -- —— — - -_---- - --—- ---.-— —_ -.- -—--‘-— —--- --_ -_  — - - .5

APPENDIX. H

STABILITY ANALYSIS

— —   

- - ~~~~~:_~~ _.5_  —



_____________________ — — ------ —- -------—-~~~ - - -

,~~ -_ Is

UI
0: - —

-J -, i
~, t-~e,a ,Vw tk i~~’- r xtç ‘~~

- t

~ 
1._I

l l .~
0’.-

z 
~~~_
° _ __

(D~~~~~2 0k
—.5 U) ~~~~ a:
U) 

- - -Lii .J —
~ q _a -J

~~~~~~~~~~~ ~~ 
(,‘

2 ~- 
.J 0: u.

H
o

>- -~

>~~~
. zV~~

1

.

~~~~~~~~~ 
L

hE *

j ’J j
UI

-~~~~ -- - -~~~~~~~- ~~~~~~~~~~~~~~ — --.----— - ---------------- ------ - — _- —



.5 ‘ - -- - -— —.5- 
- --—— .5 .5- -.5 -- - -- - .5- —--- - —.5-— —

~~
-- - .rII~~~

APPENDIX I

CONDITIONS 

--
~~~~~~ — -

~~~~~:~~~ ~~~ _-~~~ ~~~~~~ 



v—- --

APPENDIX I

CONDITIONS

This report is based on a visua l inspection of the dam , a revi-~w ot
available engineering data , and a hydrologic analysis performed during Phase
I Investigation as set forth in the Reconunended Gu i d e l i n e s  for  S a f e ty
Inspection of Dams, as modified by the contract between the U.S. Corps of

- Engineers and Gilbert Associates , Inc ., Contract No. DACWbI-78-C-0114 .

The foregoing review , inspection , and analysis are by their nature limited
in scope . It is possible that hazardous conditions exist and that
conditions exis t  which wi th  t ime might  develop in to  s af e t y  haz at -d s and t ha t
these conditions are not de tec table  by means of the a f o r e s a i d  rev i ew ,
inspection , and analysis. Accord ingly  G i lbe r t  Associates , Inc . cannot and
does not warrant or represent that conditions which are  hazardous  do not
exist , or that condi t ions  do not ex is t  whi ch w i t h  time might develop into
safety hazards .

As required by the Co rps of Eng ineers  the terms “ good” , “ f a i r ” , “poor ” ,
- “condition ” have been used in t h i s  report to cha rac ter i ze  the i n f o r m a t i o n

obtained from the aforesaid review , inspection , and analysis.

The definitions of these terms as used are :

“good condition ” — minor  studies or remedial  measures are requi red .

“fair condition ” - sizeable studies or remedial measures are required
due to deficiencies which could be hazardous
depending on conditions . Immediate attent ion is
required .

“poor condition ” — major studies or remedial measures are required due
to deficiencies which could be hazardous depending
on conditions . Inunediate studies or corrective
action is required .
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